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The present invention provides a vertical current- 
type magnetoresistive element. The element 
includes an intermediate layer (106) and a pair of 
magnetic layers (105, 107) sandwiching the 
intermediate layer, and at least one of a free 
magnetic layer (105) and a pinned magnetic layer 



area of the intermediate layer through which current 
flows perpendicular to the film is not larger than 
1000 mu m<2>. 
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1. -#^pL7G^> 
-h^t^v&^^^^f^^^TG^^^^: 1000m m 2 «T. 

Mm, -f-^#L^^;# dm m &^-$ttfjM;tf) Mm * dm £>t 
m^^#:^>g-^ Mm* dm 

4. 3 t^T^^^F-aiC^, #*Mfci": 

2. 6nm< d< lOnm 65&® 1*3. 

Mm, dm ftf, m ^^t#,&# Mm * dm £>t 

m^^^t^yl-^ Mm'* dm ^^^^9^. 

6. 5 t^r^^^ja^c#, 

2. 6nm<d<10nm#&®l*l. 
0. 3<d<2. 6nm 1*1. 

£2,fiML>fr^, £te_ti££ l^te^tf^/gUf.^;*, dl, 
^fytfLfymt^-vft Ml, te-t&l? 2^^^^^^^^^^ d 2, 
-f- #}fafr%klt&^% M2 Bt, 

1. 1< ( Ml * dl + M2* d2) /S< 20 

&:£(£t, S A Ml x dl - M2 * d2 #&xt$L) , ^JL, 



§<DM1 x dl - M2 * d2> 0 Bt,te-tj£3S 1 m>\$-faJk#J £ %LJ&$- dll 
dll - ( Ml * dl - M2 x d2 ) /Ml, 

£<D (Ml x dl - M2* d2) <0 Bt, te-Li££ 2 JsM±#^tf £ 38tj& 
>lf- d22 d22 - ( M2 * d2 - Ml * dl ) /M2 

:fc4l:te>^Jii£.£#:^!f. dll d22 -%-hi£ £| fa 

Nm, fl'J^l Nm< 0. 02. 

-f Ml, teJLi££ 2^'^^>&^-^^^^.^.^^ d2, 

^ M2 B*, 
M2 x d2> Ml x dl 

^JL, _ti£3? 2&&K&**m&#ft&tem&#ft#&, -t 

i t^^^^-e&Ji^^ &**L-ffc4-#^A. 

£ 2tik>\±frM, %*iJti?L% I te^/kib^X} dl, 
^fytfL*>mt&^% Ml, fe-h^^ 2^'Ii^^-^^^^^^ d2, 
•ffytfLfrmi&^ft M2 Bt, 
M2 x d2> Ml x dl /JLJl 

11. *»*L#J:££ 5 t^f^^^HB-ic^, #^£^1 

£2«H<M£>&, # 2 *3**MMt, £te_h 

i£«*'felL#.Js- n dn, -f-tyfafrmtJtLTFMj Mn( n^l, 

2 3) Bt, 

M3 x d3> Ml x dl M3x d3> M2 x d2 

^JL, Ji^^ 1^.^#l^^Ji^^ 2#4t#oft#fc^l*4&tt*.* 
tt_fc.i££ 3>&'i£^^tf#^#jM*, ii.it* #JLi$.j|5 3 



12. *>#U'JJM^ 5 t^r^^^Ha^c#> #*Mt1": 

13. **;fcU<J^;£ 12 t^&#>&J&ic.'ff » 

&£>&J&^&#tl&^'J±,g:*^F2nyg:(n;t. 1 tfjLtt^Mfc) 
^4 (2n-l) ;M^*&#-A&££A«**tt. 

14. *»jM>J*-*- 13 t#T&#>&£&>L#> 

fc^#/R|5 1 BJt*4&*. £ 1 t & % 2 tf»l 

^, # 2 ®%.m>\£jktfjm%%:M:i tfj&m, xvl% 

mfr #] £M:f&, Jt*XLte±.&&te.fr& n(n^ 1 2) 
dn, ^tyfo$>mtil% Mn, i3'J M2 * d2 * Ml * dl. 

15. *»**.#J-IS-£- 12 +PXtiL¥j*&lBL?Ltf; ftfc&T: 
&£M:!&to&&i & *^^*^T5ti^^T (2n + 1) Kn^l 

16. *»*u>]^£ 15 t^r^^^P-a-ic^, ftfe&T: 

% 1 BMM-Uff*. *JK* 1 ***fc#.>&, £ 1 #*fc*t#.j&, $ 

:frJ|lfejLi£#*MMt n ( n ^ 1, 2 3 ) -f-^ dn, fc-f- 
#}fofrfikitiZ>% Mn, J3»]pl:M3* d3 + Ml * dl * M2 * d2. 

17. i t^r^^^iaic#, 

18. —jf&lSLTtifr, ftfe&T'- 

5 t^T^^^Ha>t# A ^^fi.7C# B, 

i^a^>&, JK 2 ^f-JL^jL^^ 1* 

dl, ^X)fofrmtJ$LiF% Ml, te-hi*^ 2 
>&te^,&6^:^/BUf-£^# d2, ^%ifo*>1&K,$L-&% M2 Bt, 



M2 * d2> Ml * dl, 

% 4#k>&.frM:, £teJi£iL3£ 3 -f-^JPUf-^^ d3, -f-#)#, 

M3, fc-h£iL35 4 ^'l±^>ir^^^^^7F^ d4, -f^ 
tiLfr#klt$L^% M4 Bt> ^-^">T6^^|i 
M3* d3>M4* d4, 

19. — #,#ea.iG#, 

•bM£>&#/£,#£,&J&, Jii£#,l£<&^iKr/f-£ d 0. 3nm<d<2. 

1000m m 2 #T. 

20. >#.#J^4L 19 t^&#<&EfLit#, 

>K*H&-mit*!;&%%% m ( m ^ 1 

^^^tt:^^:^ Mm, -f^J^f-^^^ dm Bt, m ifr Mm * dm #j 

£>t-t-^ m ^^Ifctft Mm* dm 

21. — #>&£B.7C#, 

A frtikW-TCfi- B, 

£ 1 >aJi#^£t) #>SM±#L>&;fa (2n - 1) >£ift#>#te^,g-#g);t>& 
^PLtL^ B ^^^tl^-"^^, 5ti*k,^>^T ( 2n+ 1 ) 



22. 19 * ft tiL#j 8k ##L£-f : 

23. 22 t^T^^^JfiiC^, #^>&^: 

24. d^*L^J^^- 19 t^f^-^^fa>C#, 

-ttiL&A&tilVa- Via ^»a^Vni^( fifcr^ Fe, 

Co^^Ni) gCaUlCu t&#&#.£^ — #it^^^,. 

25. *»*L*J#4^ 19 t^Tit^^jaTC'ff , 

i£«H4.#UMp&4£- bcc ^it. 

26. >^^JJ^^ 19 t^it^>#f§-7G#, #;frE£^: 
**\fc***fc#.A, Ji&iLg^'&^kte^Mn, Tc, Ru, Rh, 

Re, Os, Ir, Pd, Pt, Ag, Au #,31 Al # J.^'— Cr. 

27. ^*L^»J^^ 26 t^r^^^EB.>G#, #*e£-^: 
^S^te^yg-Ol-^ Cr.oo-xMex ( Me ^M. Re, Ru Rh t 

&#£6$J_^ — #, 0. 1<X<20)^^<$&^. 

28. 19 ttff&tfJ&eaTC-fls 

J:iOLa*tt4Mt***4S3. Mn.oo-xMejMe 
^Pd «XPt t&#***J.^-*K 40<X<55) 4L^#&^. 

29. 19 t^f^6^>#Pa.7C#, #4iE^L^-: 

^hct t&#*# jL^-^^it, *4M^JUMM*Jti£iLs* 

30. >*l#'J^-^ 29 t^^6t^ja>G#, 

^^.>&^ NiPe NiFeCr ^i±£^ 300X: #Jl#&*!:J[£ 

31. ^*L#«JJ^^1 19 t^T^6^^iaiG#, 



±&&>\!kfrM:%_ Co. 
^ 4LiL & £M£ ^>gr « it # tik'&frM; £ ^ *Jr — ^ & & # & 

33. ^*l#'J^-^- 19 t^T^^P-i-it#, 

-5 >y.iL$$>8H4L#^ ft ^^>#.^^>g:i^# tb # J. ^ — 

34. 19 + ft ftfc&T' 

-frZLte® frj^izti df, te_ti£iL 

»J*4t#->6^J|.Ai&i& da, *•] ft T £ £ A i: 
2nm< df < 50nm 
5nm < da < lOOnm 
0. Kdf/da<5. 

35. :&a*5U»J^-£ 1 A 19 t^r^^^Ha-ic^, 

J* & it # ^ A £ * £ JU4 & # T ^ *L -h . 

36. 35 t^r^^^iax>^, 

^/BU^fc^ Ag, Au, Al ftJ& Cu # ^ iL&£- 

37. 4*. 19 t^r^60^Ea^C^, #*£^-f: 

38. >*L^J^^. 1 i& 19 t^^^Eait^, 

^AO. 01mn 2 ftT. 

39. ^^.^'J^^ 38 t^T^^^EB->t#, 

40. dtp i j£ 19 t#r*k#>&E&'G#, 



41. 1 it 19 t^i£#J& 

42. >&#J:&^ 41 t^*£^m>c*h 

43. ^*C^J^^ 1 it 19 t^&#>&E&7G#, #^t^t-f: 

b, *'J 1. 5< a/b< 10 &iL. 

44. -#>&J&;^6$#)i£^>&, i£;*->&-,t*U»]^;£ 1 it 19 fft 

300X: ~ 450X:#$.*tj£#j&, £ 200TC ~ 400 T t 

45. -#^F.a-7t#^^it^r^, tt;fr*fr*_;feuN*jfc 1 it 19 fft 

15 300X: - 450C f &*ti£. 

46. -^Ea.7b^6^*Jii^r^, 1 it 19 t#T 

£>^J&, ii.it£ 200 € - 350TCT^f>^% t^*tJS^^-¥-^ 
20 300TC ~ 450C#i£JfcJt®ti£#&*tJ£. 

47. — #tir444t*Ml. #*Mk^: 

4g-$.7&*J:£-^- 1 it 19 t^f^.^>^Ei-ic#, ^J-Mf t^ii 

48. *»*U>J^-;£ 12 t^f^^^Ea.7C#, #^£^L^: 

25 i 9 i ti«i^v # i d #j*<±>&, $«t 

*fe ^ 2 ^ ^ 2 tl«1>&, ^ 2 

XHL% l ii **fr&>fei«JULjjfcj|!; 2 n -zr 

49. -kp&L$}g:4L 48 t ^*£##J».>b*h 

50. 48 t#T E&tL#, 
^^'ti-^ifc^^^^pl. 2. 6nm~50nm. 



51. 12 t^&#^l£iL*h : 

^<fefc,gr 60 J. ^ - % 3LJL & ^ T &>&.frMr-5 AY &&&& #J & * . 

52. :fc*U'J^;£ 1 & 19 t^^eB-^-flS 

53. 52 t*t>&****0L*.*h 
&H>tM:t&te^CT, Mo «2LW t^#**i^ — 

54. *»*L*I^-*. 1 i& 19 t^f^^^fB-it#, 

*4Mt, -hJ«.J**k^A^Jft^&-H-Jt 4nm #_t. 

55. ^^l^J^^ i t^rit^^Hax,^ , ftfc&T: 

56. 55 t#f&#>&l&7t#, #*e£^: 
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&%L&^&m.iWi*-%,^ 1 4t.m ** j* «; *l # * # # s- 

(MRAM) ^ tr^^^^^PH-^t^^Jit^^. 

Cu ^fete***/^*^ cpp ( fci&^jL-f- 
3») - gmr ^t^^^ja^:^. &&—lf&fiL$t&t, ^P#-^f-^#t 

* M 7T K fL K> j* £ * fa 3tfc ^ . 

TMR io^^^^^^iL^- MRAM Bt, i&itfc t )«J 
2 >g^^^^-^-^#^ FeMn ^ IrMn #iL&3& # 

HDD, MRAM^tJc£lfcMm 2 #T#it#tf?*K. £it#tfi#*t 
SI , gUME* MRAM &4%mtil?hft#&&it 

<t£.T*M.—*R«. &m*t% MRAM T, JL# 



TMR tL^t^jKj MRAM Bt, i £ &j ^&$£^%mtM 

fitit. 400TC ££#&*tj£. te-^Zj&$L^7 &U>%&*LM 

IrMn il^- FeMn «M£,g.i£.&^ S t > £ 300X: >X _t, 
fc-f Mn $k-\kM:fb ij ^^^i"^^^^^^ 

MRBH&(S. Cardoso ^A. J. Appl. Phys. 

87, 6058 ( 2000) ) . 

&VXfrVx-%&tfi$h^ MRAM ^^^ib^^t> i&T^ifest 

4a^£il*hH|-;XT, &1"^^;£x,>f=r, ®tt7ttf-tfj&&&it£ 

— ( B*^ £ 112 ^C^i^ 37 # ) . 

^£ 91 # - t ft Ji t f«J >g- tfr - *f#k>& 

&¥j & btik&M:, -ttiL £} At &M-'y 1 

#Jli4^i±^«fc>ifeii.i±^iG#^^^L 1000 p m 2 JLdfrA 10m m 2 

»*T, Um 2 «T, &^&#,i:0. lnm 2 ^T. i£JL, ic 

# & 3k $L ^1 7(7 -5 & # jH 2S, i± # & gfc ii. it # t l«I tfj ^ . 

'l±^>grft-5r^^L#->ir-lt "T^l^. |j *f f" * ^£ £ — ^ 6^ 

^^(5i^*«^J*H>&)l*4fc*#^^'h^^J**, ^Ldtf»a 500e 

&Bfr, 10- 5000e #T#$L:&#>8H&;&#. 

^^•I±>gr^.^^^.^ t 0. 5nm &>^50wt% 

Jn#0>CoNbZr, CoTaZr, CoFeB, CoTi, CoZr, CoNb, CoMoBZr, 
CoVZr, CoMoSiZr, CoMoZr, CoMoVZr, CoMnB ^ Co & *«J # £ 

#£h ©FeSiNb, Fe ( Si, Al, Ta, Nb, Ti ) N ^6$ Fe 

(DM. Fe, Co, Ni t 5$^±>t#^^J±^, ^J^p 

FeCo NiFe NiFeCo FeCr, FeSiAl, FeSi, FeAl, 



FeCoSi, FeCoAl, FeCoSiAl, FeCoTi, Fe (Ni) (Co) Pt, Fe (Ni) (Co) Pd, 
Fe(Ni) (Co)Rh, Fe(Ni) (Co)Ir, Fe (Ni) (Co) Ru 4f »a»4t^,4T#*it 
§L*t$L&&& 50wt% #_tlft©FeN, FeTiN, FeAIN, FeSiN, 
FeTaN, FeCoN, FeCoTiN, FeCoAIN, FeCoSiN, FeCoTaN ^FlUfc^, 
®Fe 3 0<, ®XMnSb(X^L>^Ni, Cu, Pt t # M-'Jr — # ) , LaSrMnO, 
LaCaSrMnO, Cr0 2 O>M0eU~*3Ufc4fr, MnZn &L^t^, NiZn 

jgL*fk&-Jf>£d;<l_2. 6nm< d< lOnm &® &j i&JL&T 

^, ^tfftiUfc^fe**^. ft -ti£ ft 

ft$m v %4-(&(> ( }& MR. dta^d&;# lOnm ^JLj^#.^y^fS]#3M& 
£S£-&3§, *U&;*7*#*L. ^d^f 2. 6nm J3'J«U$^&# jtg&'& 

lnm «-t lOOnm #>&»l£4£,&, £t Ti, Zr, Hf, V, Nb, 

Ta, Cr, Mo, W, Al, Si0 2 , SiC, Si 3 N 4 , A1 2 0 3 , A1N, Cr 2 0 3 , Cr 2 N, 
TiO, TIN, TiC, Hf0 2 , HfN, HfC, Ta 2 0 5 , TaN, Tac, BN, B 4 C^^,^, 

M<kM,, &it*h, fL4M&, *ifc4&4P*fc--#*&T, Jt 

»T»a^:^L 2001; - 400r#&*tJE£ t^^-^^'bt^>&?l^^i 

££|5in(m-l, 2, ••- ) ^th fcJkfc m, fc±tiLtik& 
faMrmtfj^fyfafr&lt Hmfr-ffyf&g- dm6$*Ki&# Mm * dm, flj m ^l-^- 
Mmx dm &J&fr%J% JlJ? m^lt^ Mm x dm tfj&fcft^r. it^S 



%rfcitt± 10% #i*J:. 

£#J& g ^4£#JMMM*^N\ m ^^-^t^ Mm * dm 6* 

m &1%$£¥) Mm * dm ft. d^^. _t^9 JSJ , jty 

Mm* dm 6$&$*-5 m ^.^U:^ Mm* dm #^^jfp^ ft ( £p, _h;£ 
ft), «M**^#4fciU*&*, ft-ftiUMHbti 2a&4fc&4**»>b 

£_ti£>G# t^L^^^^-^ d # 0. 3nm<d<2. 6nm 

fl±i£ftj£ > MR. ^d^f 0. 3nmJ3»J&;& 

^Mto. X*\-kr& d 2. 6n» «J:JW#***^A# £ 
*K 260X2 i»jLtt&*tm#tt-fl,T, d 0. 8nm - 2. 6nm. 

£*Mfr*.T, $L*t3kfc%lk H -St &iLSJft4M* 

0. 5nm- lOOnm 

Cu, Ag, Au, Ru, Rh, Ir, Re, Os. % *|\ ^tT^^il#4r 
&¥j&<t, 50wt% la-tfe^it^^iCTl-^^**^ 

4*. ^#^^^^^^#6^^^^*^, #i5'Jp|:^#^ CPP-GMR 



l, 2, ) **&**4M&*#J*tf.#.* m, fcJL 

m ¥j-f$jtfL*>&i£ Mm *»-f-*&J&# dm Mm * dm, J3»J 

m ^L^-lt^ Mm x dm ift &#»^L*f -5 m ^.^^t^ Mm * dm «Hr ft . £ 

(«*»0. 5~2Tnm) >*-7-*H|E4tJ|* #-SHfc4£#, 
Atf^&^j&ifr dll, ^-fytil*>mtiZ% Ml, &±i£% 2M>}±&& 

tfj s t#im,M-iz>% d2, ^fyfcfrmti&xj m, m 

1. 1< ( Ml x dl + M2 x d2) /S< 20 
( i£J£S^ Ml xdl-M2 x d2 , ^JL 

^a)Ml^dl-M2xd2>0Bt, fe£ l«MM^&tt£#JttJ|. dll * 

d 11= (Mix dl-M2* d2) /Ml 
£0>M1 x dl - M2 x d 2 < 0 Bt, te£ 2 £sfcj&/§L d22 

d22= (M2xd2-Mlxdl) /M2 
^te^Jii££siJg^ dll &£d22%>% 

Nm ^Lif^. Nm< 0. 02. :fe>J£. ( Ml x dl + M2 x d2 ) /S 1. l 

I'J^^i^^^^, 20 3:. £ 

*K g img&JBUf- dii ^ 

M2 x d2 > Ml x d2 Bt, #J&|£ 2 ^4£^gti«4&#^4.4ttt'& 

tl^*L>ft^#iH-. 4U**t#*|-tf M2xd2 
Mlxdl «ft^*aJt^^Jlt^^4*ifc^#^- 
fctf-H.****-*^, MR tf^J&x^. J* 

iaic^-r«ffi#^^^^, ^tetj ***** tf, it 



;ttt«MMfr*. %—?rfi, M2*d2 ^b^H^^fc 

Mi*di ^, jl&^^5iL#i^^^^^^^^^#B^, ^jl^ 
*%1k&'>\ MR ^^pa.>c^. r&iite#>^& tyit 

ft%%ttik>&#ft, CoPt, FePt, CoCrPt, CoTaPt, 

FeTaPt, FeCrPt. . 

fJdbijJUM.Ni^Fe,,, FeSiAl, FeSi & Fe 90 Co, 0 
CoNbZr, CoTaZr, CoFeB, CoTi, CoZr, CoNb, CoMoBZr, 
CoVZr, CoMoSiZr, CoMoZr, CoMoVZr, CoMnB ^ Co & $<] # & ^ #£h 
J&#FeSiNb, Fe(Si, Al, Ta, Nb, Ti ) N ^ Fe 4M*#, iL^- 
MnZn4£#^, NiZn^^fL-ffc^***}-^. 

(DM. Fe, Co, Ni t&#ifc ^g^'&^tf^L^, #)> Fe x Co 
coo-x) (15<X<100) FeCo&'k, NixFe (10 o-x> (40<X<70) & 

^NiFe^^lr, NiFeCo FeCr, FeSiAl, FeSi, FeAl, FeCoSi, 

FeCoAl, FeCoSiAl, FeCoTi , Fe ( Ni ) (Co)Pt, Fe (Ni) (Co) Pd , 
Fe(Ni) (Co)Rh, Fe(Ni) (Co)Ir, Fe (Ni) (Co) Ru 

©FeN, FeTiN, FeAIN, FeSiN, FeTaN, FeCoN, FeCoTiN, 
FeCoAIN, FeCoSiN, FeCoTaN <DFe 3 0 4 , ©XMnSb, ( X 

Ni,Cu,Pt t&#ifc#-£^— #) , LaSrMnO, LaCaSrMnO, Cr0 2 

©llFeO.aSJUfctfr. &*;5S!J|MMfr, fe*;5 3gj|Mt4* 

dl, ^XjfofrtikKTtLft Ml, fc-L&l? 2 
d2, M2, i?»J M2* d2 > Ml * dl, 

&*te#,&Ea.;G*K its, 2 4^#«l£^,g-i§.i±#J& 



tft^ge^T 2 ^IWli^fjJlT, M->Jr-7r&} ft &m±M: ( it 
*f&Jlg-%&1t$t$ttf] ft JK+i*\M— 1 fil 

^ 1 #>#'|i^>g-, |5 2>**H4^>g-, d^*^^. M2 x d2> Ml * dl 

, ^—^f&>\k&j%$nft*Y4f&%>7rft. *$--F*h^#J£ 

J5'J£ ft*L*l&iRj£, &&LtfL%Lftte.^&&£%L>b&, fa-k*JL M2*d2 
<Ml*dl, Mit&U^&&#%L<biiL-fr**n*&}tL£L3jL. 

% I %2&>}£.faM; i *>JM&-hi££ l ti-f-J* A 

dl, -^J^^^^fc^^ Ml, teJii£35 2 >^'Ii#.>gr^-f-^^# 
d2, <te-f-*&4fe**aNti&ll2, J5>J>$AM2* d2>Ml * dl 

ft M 

>5 ^ Jl&JM J # ^ 2 tikitir ft ft % fY^m 

#**M-^JHfcte*, ##ic#^#u MJfiH6^*4b«* ****** 

« 1 # 2*M£4Mt, K 2 AY&'&frM, % 3>SM± 

Mn(n=l, 2, 3), J?>J M3 * d3 > Ml * dl M3 * d3 > M2 * d2, *t 



& tit % _t ¥j m % ft £ # ja # it *t & m . 

>&t> i&ifiitiiJ^ 2i*H£^6<J 

>£#>&^iEit*, ^^_L^^^^^^>i.. d^^^^ 3 -5 

M'%%Ji-&T% 3^'l±^>&60^>ft^r^^isj^^-^> 
X^-sp>#^^i±^£© t> 1 J§£ 2>^^^>g-^}8j/ t 

^f&m^lf, ®7t&.}LM:]=,% 1 tik'\Lfa&tf) mitten M j* 

it — i£4£ifc T^^-^^^it#^^^%B.^^-^, £ 



•\S-M:{ mZ-fikfeM; ) 2 ^®$l$k'&M;A#¥j & t, 

ait g & a% 

^»hi>&i£-5r^^^.^ 2n ( n= 1, 2, - ) tf)*&>\kfcM:5 ( 2n - 1 ) 

£^-t-&T>xte 2 $J£i£^# 2 ^tg#;$ 



1 &>&fcM, % 1 ^Jtttt**, % 2Mk^&, % 2 fmM, |2| 
ft, *>&teX&t&>\*-frM: n #)-¥-X)J&$-vL% dn, te-f-^ 
fefrfik4ti&% Mn ( n - 1, 2), J3>J *r # ^ M2 * d2 * Ml * dl. ilX, 
# lJsM±tey&-5 35 2^'J±^^-5T^it#^®^^^^4f-#^^^ 
^#;fei#>&4fc&;#iLf-*r. ititA^fciiL-f-Jf, M2 * d2 

■fr%LMm% 1 8;t3M£>ir. £ 1 fiUM. % l&'&fr&ft&tfjtik 

isL7itf-5m% 2 ^2tf«T>g-. % 2 ®7t&&&ft&tfjmm. 

ft, XtiLft&mfe&lL^VXft&Zi (2n+ 1) M: (n= 1, 2, - ) 
te^>IrJ? 2n Mtfjlt&tefr&teX&Mrtfj&ft. &TTM*t1-%&tik>\± 

4&#*Mfci*£ jUf-. (2n+l) &(ti*kHL#i&4LjeL&%te 

l) Jttitt<&*,&A***ttg:, 



&tb^zpfik%j?LfrmH, (2n+l) Mc^^>\k^-^^^^Mi^^ 

2n+l, #J&& #^«&>g^^|±^>&^. 

^^hJi^>t#^^^-^r^88^ i m % i ti«i^ £ i 

*Mt4Mk % 1 % 2tik&frM. % 2 #*M*4Mk % 3 

-hi£3m#Lyg n tf-f-*&JBUf-*&# dn, te-^fy%fr$kK.m] Mn ( n = 1, 
2, 3) , j?»J^-5r^j^^ M3 * d3 + Ml * dl*M2 * d2. 

4t*»^4r#«l*i^^jL^*4fcAi{riL-f-#, £ M3 * d3 + Ml * di 

> M2* d2 #:&&A-3-Bt, ^ 1 tik&fr&fr^ Ztik>\!kfcM:Zt1-fiY^&%> 

K 1«HMM^|C 3^^^r^-^^^^%^f^t.^^Bt, J?-^ 

£ M3* d3 + Ml*dl<M2*d2 # & Bf , ^ 2 *&'&^ygr*t-f 
*h*#**^*#fl*Mi,fctt4M. it>t# 1 J**MM&-5|5 3#*t* 
,&#-Fi?|5 2^^>g:^^^g J lb^?J? < Ji^^5.J^,|4 > g : ^^^ > £ 

1 ®Zltik&M, % 1 tl«J>£, £ 1 A*m0L/b 



*>&&>K^nJk—n%L%i m (m- 1, 2, ■•- ) ^*$*MMMt 

ie,^^'Ii^>g: m, te_ti£*£*£^,I: m # -f^te^^t, Mm *$J0L£ 
dm Mm* dm, Jf'J m Mm * dm # & 3* ^ ^ _h J? m^_^^: 

Mm* dm tfj&frft^, % *\*&>\kfrM:^m&4t&&&'&tefr&£& 

t J«]>ir — -fc|ge.££35 m( m- 1, 2, - ) ^i$m>\£faJkiZ>%m*-faM: m, 
feJii£i&'t±#^g- m #-f-^>&;fc>*3Mfc Mm -f- JBUf. dm Mm x 

dm, J?'J m ^^-|t# Mm" dm m &te$t&) Mm* dm 

#&tefax.7Ltirff>(jjZL&f&%7, T^#*J Mm dm. fegL&i$L@L*m 

ii 3 M2 * d2 > Ml x dl *&m.7tV(-iZ>% A, teM. 

^nJkftte^^, Z 4«M£#.j&, ^JL^-^M3x d3>M4 

x d4 il &&>&&tf&&KfriZ%?lfi- B, _Li£>G# A ^XJi^.>g# 



$&>)i.fcM:&>L$' A ^it^ B t^T^^^l^^l^. A #»7G# B tfgj 

fcpJL-fii., S/N, ^dP-h^j315#^ A. Bil2^iC 

S/N. 

TC-fftf?^ ( tf«Q^#&^ ) # 1000 m m z ^T, ^iJtfjt 10m m 2 #T, it 
0. l»im 2 ^T. 

M-fL d 0. 3nm< d < 2. 6nm6$&®. 

s£#i£*f 50 Oe «-hJ&4fc:&#. 

&###)i^MR. iiBt, >^-d^l^O. 3nm«TJW 
**^.4t*4b. £ d 2. 6nm«-hBt, jt8&-& 
**. 4Mt# 300t:«-h^**a«**T, d A O. 7nm~2. 6nm 

3nm - lOnm . 

##JiMf;li Cu, Ag, Au, Ru, Rh, Ir, Re, Os. £ *K i£ 
T^^il*4r^^^4r^^-« 50wt% ^-t&^il*<ir^ic^-^^^r 

m (m= 1, 2, - ) >?-^>#^^>gr-?e.^^^^>g: m, _hi££M±#^ m 



tfj^fyfofr&lt Um-5-f#}J&%- dm 6$ Mm * dm, Mm.it m 

¥j Mm* dm m^ittf Mm * dm <#&#»;te^, 

jb-*rtt3&.i±4Lm&Jt$L#l Mm* dm6$&:£»J? m ^^^^ Mm * dm 

JBUM-^, ^L*fA 2nmT #T. 

#&H;Mfc*fc,&^ + |Bl>&-^3ti4^T 2n J? (2n 

- 1) A«MMNl#.Jttta*fM^#i&.fc# A, fe R jtatfcUfcJill t 

— -felSti^ygrT ( 2n + 1 ) j&ttflHMMt-5 2n >g-# ^J&<&#.£ttJgJB. 

7L#-ft$j7L4fr B ( n« 1, 2, 3, - ) , 1 2 *t _t <ft tc 

>L4* A & *L pate # # & J? B ^ pa^i Bt # *h^P $J 
i^^ai^is]. mft%%ftn> i£*^pji;^##pa4ji.>x*K ^^i£^^ 

^i^fe^-Pate, S/N, ifc:fc»_Li£3F#, fcA, B 

«^ic#M^, ^te^^^pate ( + it^^^pj.Bt^ pj. 

fc> , fc#4M»J$ S/N. 
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^^ititfeJi^^#^J±^ X (X=Cu, Ag, Au, Ru, Rh, Ir, Re, 
Os) -5>^&4fc&. &1t%i. ^^C^iVX^mi^ t R(#J:fc R 

- Si0 2 , SiC, Si 3 N 4 , A1 2 0 3 , A1N, Cr 2 0 3 , Cr 2 N, TiO, TiN, TiC, Hf0 2 , 
HfN, HfC, Ta 2 0 5 , TaN, TaC, BN, B 4 C ) 

>^^fe^->^IVa~ Via, Vffl(^l^^ F e, Co, Ni ) VX7L Cu 
* # J. ^ — # # ^^,>g-, ##J^$ ^y&^^^^^J^ # & 
Vffe^tiLm IrMn, FeMn ^^&J2M±#*h £«']8»J&/& 

fecit. fcp^iti^#ife^^^-#^^xt, ^^^-#^^bcc^ 

&&&>lkfr&*>&&ttHn, Tc, Ru, Rh, Re, Os, Ir, Pd, Pt, 
Ag, Au, Al i£#A#_£^-#J5 Cr J?^##3| 

#t, 10at%«TW?£Wfc^jLiti«^^>L 

>^?5^'^^>gr*^.^^ Crx.oo-Mex ( Me Re, Ru VLJSl 

Rh — #) 4^ 1<X<20 tfj&M, m^uft 

5 #«*^a**t#.A#ftAJ5. Mn.oo-xMex ( Me ^ Pd 
Pt t&#tfe**J.^—#K) 4.^, ^^^40<X<55 ^>^®, JHT«^ 
J!lAfc^«J-ft*t. ii^^jEj i r Mn, FeMn *| *-f 

£i£MnMeM&t> ^^^T^^L^^f^^ 10at% 
>*Ttf fcg)^ Tc, Ru, Rh, Re, Os, Ir, Pd, Pt, Ag, Au, Al ^ 

#L,g-;^fcc, fct> fcp J^^hct ^itt^#A^ J.^— # H ° q 



15 



#i5'J^:, JZL&f&'&fa&m Mn 10 o-xMe x ( Me pIM. Pd MZL Pt 

£ 40<X<55 NiFe £ 

NiFeCr, K'J it* iL ^ A il^/X T T « £ 300 

-^^S^^^^^^'li^^^^: Co, m&###]*f#)^iL& 
d^t*, ^J*r^Lif^L^Fe 3 0 4> MnZn NiZn 

###>ft4Ltf tem^lH^Mh, MFe0 3 &4fc^, TMO 

(>^T=Pe, Co Ni t&#&# >y.M=Al, Si, Ti, 

Zr, Hf, V, Nb, Ta, Cr MZL Mg t — # ) f^^^ 

4fc ##>MfiLtf8>&'I±te, ^l*3^TN, TMN ( T, 

TMC ( i£jl, T, M^JLi$.^|SJ ) %r¥j 

i:^^. Co ( Fe ) NbZr, Co ( Fe ) TaZr, CoFeB, Co(Fe)Ti, Co ( Fe ) 
Zr, Co(Fe)Nb, Co ( Fe ) MoBZr, Co ( Fe ) VZr, Co ( Fe ) MoSiZr, 
Co ( Fe ) MoZr, Co ( Fe ) MoVZr, Co ( Fe ) MnB ^. 

da, JJ'J^L^f^.^ 
2nm< df < 50nm 
5nm < da < lOOnm 

ic 



0. Kdf/da<5 

tf)irft&5\&®Z-&#)fikm'tt. %?Y*>^tt 50nm i?»J^Bt#^^ 

ILfrtf}® %L#k%r. -k°&£L® %.&tb 5nm 

^, *'J#tf*&##3t]&^#S;t>&^. *»JH*t 100nm>/fL, H»J^fBtii 

JS, MR #.€4fc$,^#J£&# df -5 da 0. Kdf/da<5. >^ 

*b 0. 1 <J>, i3'J^-f ?|^>&f8ir^t, 3*h*»3l*t5*, m&%T&& 

'14, ^fJM£>f nm nmi*. & rt,#t#& *tS 

##^r^£,g-J&, iMf^M. Ag, Au, Al t&#&<$ 
JL&^(50wt% tf_t ) #jt^fc<&<£r>&,&J?&®4lIVa~ VI a (Ti, Zr, 
Hf, V, Nb, Ta, Cr, Mn, Mo) ( Fe, Co, Ni, Ru, Rh, Pd, 

Re, 0s, Ir) t # J-^ iL&^6^& ^^L<D^-^% 

^L#L nm~ lOOnm &^£^^#],g^:tf^$t nm - & 

nmiL*, £^#,95^ t^f^i/k^ttf^ 50wt% #_h#/k^. 

f&WLTtft. ^^&6$tf5]>&###> Si0 2> SiC, Si 3 N 4> 

A1 2 0 3 , A1N, Cr 2 0 3 , TiC, Hf0 2 , HfN, HfC, Ta 2 0 s , TaN, TaC, BN, 
B 4 C, DLC(&>5^) , C 60 , &#±.i£lt&%i 

CPP-GMR^^#jL^>£^^jait#. CPP-GMRit#t, 7t# 
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5 ftft^WM:, ^^^^.#*Ji*,^ V, Nb, Ta, 

Cr, Mo, W, Cu, Ag, Au, Ru, Rh, Ir, Re 9X3l 0s t #1 — *t. 

>9JHfc4fc t&#&tf R(R=Si0 2 , SiC, Si 3 N 4 , A1 2 0 3 , A1N, Cr 2 0 3 , Cr 2 N, 
10 TiO, TiN, TiC, Hf0 2 , HfN, HfC, Ta 2 O s , TaN, TaC, BN, B«C, 

#jL#»^4fr ) XR iS,-^, X/R 2 >g:#_Lft £ >ltt& 

^ £ # t ffi # & »Ji 6$ J. >Jr — J. >>- — -gp ^ ft & ^ # 

*L Jfc*#*ttatfNMis *4MEA3!a#*M»s JWte#*t*&-f CPP 

15 -GMR tt**##ife2Ma*&^#tt^#|&0L. fttj^MJLSk 
3M±te, W*>$L*t$LVX Fe 3 0<, MnZn#.l|t>fc, NiZn &^#4Mf 

3p, TMO ( T= Fe, Co, Ni; M=A1, Si, Ti, Zr, Hf, V, Nb, Ta, 

Cr, Mg)^#JMfc#«^»feM£. ##*JJL#jMMMts, £*f TN, TMN 
20 (Hi, T, MJUi&hin > 5*Hfc#-Mr*** 

*.#4.TMC( Hi, T, M J?_L*MBI*) ) ^. 
#, ^Jff Co ( Fe ) NbZr, Co ( Fe ) TaZr, CoFeB, Co ( Fe ) Ti, 

Co ( Fe ) Zr, Co ( Fe ) Nb, Co ( Fe ) MoBZr, Co ( Fe ) VZr, Co ( Fe ) 
MoSiZr, Co ( Fe ) MoZr, Co ( Fe ) MoVZr, Co ( Fe ) MnB 4p. 

S/N, te#ifc#>iH£&iG*r. 

mtfF%& S/N #>&-i§-4Lic#. 
30 dta^tl ^^li^TG^^^^^:-^^:^^ a, &&%&il%b, 

M ii.i± a/b 5<a/b<10^T, fe 9 44 jtj #>&|&7G#, 



£te#jLfci&^i&!a.iL#i£# 300TC - 45OTC60^^hJ£j&, 
$£. 200TC - 400TC^^^t^^tJS, m&#-£M>Jifc&6$ MR#te. i£ 

iltfi£***t«. ii.it 

7i.SW^iC#t> *it** 300TC - 450t:# 

*«.T. «*»^AT CMOS *+**M.*M**tfe ^«L«9^.41^jdl7 
i^fc i ^iUK^MMMk tft^«-aL& **Mi,6-#A 

6^^>g-JBI«^, £ 200X: - 50T2tfa£.Ti£<frJ£4s& t&*tS, 

¥«*A4b#. 4M?ifc0Ut£4fcfr*ti*Bi*T, *r>*£ 300X: - 45ox:^ 

it ##J*b&*f^PtMn, PtPdMn. 
it&M-f, MRAM 

*Ti»iM,:M'J.^*#*#£T|5 l WlittikfeM;, % i 
K 2 ^JL_ti£|S i i*«*4t^4rJij£|5 

siit******^. i a;tj**u&, is i ti«j^, is i i * 

*MM&**|S 2 ^ >2tfill, IS-2 H£.«t4Uttt*i& 



%*h 4H*>, &*fS\M:jH£m CPP-GMR 

■*£<±*4fc. otitis i&;#iL^##.&, fe$feJMtfe*;ttJt-&*'J' 

%*Y, 4T»^M^«f 2. 6ra- 50nm ti&EE. 

tc#. -f-fcvg^-^tf: 2. 6nm M & TtiL&tik'&SL&te 

^&;£&^I££4M8^#&Qj&*S&. ^^.^k 50nm JN7^ 

BL-f 1000O cm #T. #»J*», -5T»a^.Cu, Al, TiN, TiWN, CuAl, CuAITi, 
Ag, Au, Pt^ft%3&^^b>\kbfottft4£m#j4tm>}*Lit.. 

(si^/* 1 ti 2 tw^/15 2 ®x.m^./% 2 

f% 3 ®7t$k&M:/% 3 tfe]y&tf/3£ 2 4 t«^/# 4 

CPP - GMR it-frtf £.* S 4MtmMr 

**. ^ CPP-GMR TG-fft, iWglf&lSLit. U 



>^^^-6t^'l±^^L^.t> 10wt% ~ 50wt% ft&fe 

*>mt% 0. 2T 121 T flit tl A. 

2nm ^TBt, * -f*Jfc4b S| J* ft ^ii^ 

Cr, Mo 121 #.W t — tytfjmiSLjLft. it£#*Ha*»ia.i±i§ Fe, 

Ni, Co, FeNi, FeCo, CoFeNi ^^r, £ g 6$ ^LjBMfc t -S.^ 

tfc A 3 *K >^il*#^-t> #«**##B**t#.>Stj|tA NiFe 

NiFeCr, (NiFe) 6 ,Cr 39 <#£l Afftifc. 

4nm 6^^|Ei.ic#. i&itte |j & J&te^i^ *&<fet#^J? #>#^#_>g. 

#Bt, JI-^fBM* ^-^tf, ^L^ KuV/kBT(Ku^L 

v ^l^^,, kBT Aifctfaufc) 

*t*.««**4t£.4M*#f , tiT&'h Ku( 4?U3S;;$ - 2Ku/M; M JLfikit ) , 



/ ( &AM:&#£L&&'&M) ft M/k 

^/kM&^itr ^^^-i5u^ ( IBD) , RF, DC, ECR, 

^A^Uit^iH ( ^> 'J ) , ICP, te*tm%L^&)&M&, MBE, $ 

R&¥iMiiL+jL-*rrjL&.m cvt. &«, 

Xit^t#-^# £^J-*f. RIE, EB, FIB ^S#iMfc#6«J>&&, 

-f-JMfc, i&itte/s cmp li^mm^ft^ttM^ 

MR. 

S 3 ^tb 1 ##,&<D#&£t. 

m 7 &&&Wtf4r&* t %L&tik&L7ltf- 



® 8 &^&*fifti&&k fam$kfBijLfi-tfj$l&®. 
® 11 ^ifc MR 

S 12 (A) ^A^^T^B^^^i^M^lfiTC^^^^E, 
S (B )&$&,£ a, b ^ife il M4kJ&«&it#^4lt. 

© 14 ^rrfJiSL^T & &>&4£>&iftJPL^i£#j6$ MR 

Si &JMfcJ-&-t#m7 «T6^ MR tg#. g 

(#^1) 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 30 ) /CoFe ( 3 ) /Ru ( 0. 7 ) 
/CoFe ( 3 ) /A1 2 0 3 ( 1 ) /NiFe ( 8 ) /Ta ( 3 ) 
( 2) 

Ta ( 3) /Cu ( 500) /Ta ( 3 ) /PtMn ( 30) /CoFe ( 3 ) /Ru ( 0. 7 ) 
/CoFe ( 3 ) /A1 2 0 3 ( 1 ) /NiFe ( 4 ) /Ta ( 3 ) /NiFe ( 4 ) /Ta ( 3 ) 

( *m 3 ) 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 30 ) /CoFe ( 3 ) /Ru ( 0. 7 ) 
/CoFe ( 3 ) /A1 2 0 3 ( 1 ) /NiFe ( 5 ) /Ru ( 0. 7 ) /NiFe ( 3 ) /Ta ( 3 ) 
( te-trt^J&if , nm; JBI&tff ^*L--#J ^^ctf; «T*!W ) 

ilX Ta ( 3) /Cu ( 500) /Ta ( 3 ) 104 T# fc^J. 

jkJk 103, PtMn tIl^S^^, CoFe ( 3 ) /Ru ( 0. 7 ) /CoFe ( 3 ) A 
®%Ltik&M; 107, Al 2 0 3 ^Ltl»I>i: 106, ^ il 105 ( JL 

4-^ Ta ( 3) ^4^M) . 

&*t«&-#p|_£. 240TCT^l SkOe^J^t^T 1. 5'hBt. itmfc 

m&te&4-£M:J&&iafr±&i;&n4£&^ft&fa&% 2~ 10m m 



tltA'X 7 ^iG^ff ^ MR. ®2-S4 t ^ * # ^ 1- 3 # MR 5 
x 5n m 2 ) . RA ( >)3-it&frbfiL) 60~ 700 M m 2 

£#& U #5.2 t, *&&t&)tL J f-tntfj MR ^#J£.24% 
^2L30%A^. 3 t MR A 25% A*, £ 400 Oe 

Ws^M%n%tetf) MR4£tf^&. it#jfe*^L#A 3 t 

NiFe ^iHj^^^^p^^ia^, &;ifc*U&4fc, ^ £4fc*.«l #3&EH. 

^*J*4fr*Mft4fc |t#Al. #&2+, 

^*h^>&^— ^i^fi^, MR (^^t 

*:#tWjBt^-tT«afc4fc*i^iLf-^f ) , £400 OeiL;£, iMf/i* 

H (® 5, a) , @J*^#tl^>i:^^^^>^^-e^^J3a7f, MR ft-ft 

&%>$?&%tem, #*L?H£*f ^MR. 

>^i£*#,&t# 50Oe *^J||jL#A 1 t 

^-tc^X.^-^.^^:^, TTM&&}J?j&%&m ■f£L*&%>tfj$L&j]&])% 

£ 2>< 2MmV#;^#tT«^*]&#«& 1 Tl£##ft. it 

# M it it t ^ # -5 ft. M. T jfe/f- Jl 60 * frM tfj fr & 

# NiFe ^S^^il.i±#^^^JTiL^^^^.. 

M«2t. NiFe ^#6^#^'|i^>gr Ta tf)M-J$L, 7 

If*«fc^r«i4fc. >C#X.t^ 2 x 2 u m 2 . &£%L, 2.6- 



lOnm &]&® t *T»X#3|ifc#,& H&6$*t>&;&. ft 
fifcr-i-Ta^K ^"f- Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Al, Si0 2 , 
SiC, Si 3 N 4 , A1 2 0 3 , A1N, Cr 2 0 3 , Cr 2 N, TiO, TiN, TiC, Hf0 2> HfN, 
HfC, Ta 2 O s , TaN, TaC, BN, B 4 C £60 ££ifl, #&>\±¥j±M,, fUt 
5 4h, *4fc#**— Ta^isj^^t^. 

2, te7btf-JLir%L% 2* 2 Mm 2 , |?iTM Ta 

# 2 NiFe >«f^. *L2 Jktf}%Jk%L*!tem, Jt&lLtfj 

TTv**biX& lnm-lOOnm H $L$k jj A . &i£J&M-&jfc SI F*l , 
#H&&-&#;&# Ta,g-<# 2 NiFe #J fr)3L* ft tfj g Hteni&%- 

a: NiFe(X)/Ta(3)/NiFe(Y)/Ta(3)/NiFe(Z) 
#& b: NiFe(X)/Ta(3)/CoFe(Y)/Ta(3)/NiFe(Z) 
#A c: NiFe(X)/Ta(3)/NiFe(Y)/Ta(3)/ CoFe (Z) 
itit^X, Y, Zi£4T^#£4fc, W£iZ&>&fr&tfj £. 
15 J£*. M&at, £ X + Y + Z £-;ttfiMtT, £X+Z=Y«ft 
^T^T^#^^^^^7, X- Z itfA-f^JlJ^te. 

#& b t, ^X+Y+Z^M-t6§|-#T, d^^fe NiFe tfj*&*>& 
itiZfi Msl, CoFe ¥jfafr#k4LT&% Ms2, Msl * ( X + Z ) = Ms2 

* Y^^T-5T^#5'J^^f^, Jt'httA x = Z 

20 c t» £Msl*X+Ms2*Z=Msl*YBt#$>H&;ftjg;ft. ^^JiT^, £ 
&&&M;tfi&> 1 &.frM;tf)nn, m(m 

= 1. 2, ) *##44#.Jt«#J**fc#>;& m , #&Jii&4**fc#-j& n # 

^fyfefrmt Mm ^-tiiL-f-^/gUf- dm Mm * dm, Jl'J m 

Mm* dm # 4&lfcBt # Mm * dm ¥j %:Jfc±.fa |5) ^T^^t^-ff 5»J 

25 #>&J&7G#. 

*tf" 3, 4$%$LMFe A##)#m£frM, fem V, Nb, 
Ta, Cr, Mo, W, Re, Ru, Os, Rh, Ir, Cu, Ag Au t% & J $Lf& 

l'J^#tMl|i^VHO. 9nm, & Nb Tx. 0. 95nm, * Ta 
30 T^:0. 7nm, Cr T 0. 7nm, ^ Mo T^l 0. 52nm, W 0. 55nm, 
£ Re 0. 42nm, Ru 0. 8nm, £ Ir T4. 0. 4nm, £ Cu 
T^l 0. 8nm^, £ tfc;^ lnm E^t ^ & T £ *K & 



^, -^VHl. 8nm, &CtT£l2. 5nm, Re T^l: 1. 5nm, & Cu 
T^2. lnm^, 4MiUI- i. 5~2. 6nm. £ *K ^i^fe 

i*Ji.. £*h, £ 2. 6nm ^-t-T^^i^^^^^.^, <s4l^#^2^8 
IS], *&#*S.*M#J ^^^^'J^#^'^^>ir^*#-^^^ 

£*L, 3 1 ^ISJ^^J, teic#^-t$:& 2*2 

nin 2 #i*.^>^Eait#t> fell fc>&teyir#^#f#-;$ 
d: NiFe ( 2 * X) 

#^ e: NiFe ( 5/4 * X) /Ru ( 0. 7 ) /NiFe ( 3/4 * X ) 
<te-frft#^iUt.NiFettJfJt, -^te^nm) 

Slit at X il*&rt&#.£tift4#Utf|<&, £ 0. 5nm- 

lOOnmft, b fi^^ tT«<^^*^. xfr-f lOOnm tf-h 

£ttJft#**feWft, #**jMtf**#Ru Jt** 2>&# NiFe^&#J 
J§*ftJPU*Bfr;tert:$£MR*il;*\ iitft, tell iiuS't£;g-#:& 
NiFe(X)/Ru(0. 7)/NiFe(Y)/Ru(0. 7) /NiFe (Z) 
NiFe(X)/Ru(0. 7) /CoFe (Y) /Ru (0. 7) /NiFe (Z) 
NiFe(X)/Ru(0. 7) /NiFe (Y) /Ru (0. 7)/ CoFe (Z) 
ilit&X, Y, Z2t4f##£4fc, *4HMft£#.A«*JU9-ltti£*. * 
£#<&T, £X + Y+Zfl*£ — Jttt^HfT, £X+Z=Y#£ 
#TMR'K at«^ X-Z ^-f-A**'J-flL. ^^#&gt. £x 
+ Y+Z^M-t^|-#T, dfcjMfi NiFe ttte^JaNfc-fcifr Msl, 
CoFe Ms2, Msl * ( X + Z ) = Ms2 * Y # 4k ft MR 

'K ^L^<S.^l X= Z 8t. i&ift£#<& h t, ^ Msl x X+ Ms2 * Z= Msl 
x Y &fr MR &%&>b{L. 

-^S&££.3£ m (m= 1, 2, ) ^tf)tik>\kfr&ft%tikfefr& m, 

_hi£3M£#L,I- m ^^te^JSMfc Mm dm Mm * dm, 



M m&$L-2jr$Ldttf) Mm* dm #1 m &fa4tH&J Mm * dm m 

£;&#J 2 
l 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /CoFe ( 32 ) /A1 2 0 3 ( X ) /CoFe ( 3 ) 
/Ru (0. 7 ) /CoFe ( 3 ) /PtMn ( 20 ) /Ta ( 3 ) 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) / (CoFe ( 4 ) /Ta (3) /CoFe (4) ) *4/Al 2 0 3 
( X ) /Pe ( 3 ) /Ru ( 0. 7 ) /CoFe ( 3 ) /PtMn ( 20 ) /Ta ( 3 ) 

Ta( 3 ) /Cu( 500 ) /Ta( 3 ) / (CoFe( 3 ) /Ru (0. 7) /CoFe (5) ) *4/Al 2 0 3 
( X ) /CoFe ( 3 ) /Ru ( 0. 7 ) /CoFe ( 3 ) /PtMn ( 20 ) /Ta ( 3 ) 

fftWA 4 ( CoFe ( 4 ) /Ta ( 3 ) /CoFe ( 4 ) ) 

# 2x 5, 10* 25, 20* 50, 40 * 100 m m 2 , ^A^l?] &^L4£j&j&, 
^_t^*,*l, ^tj^^r^® 7 i^iL® 8 m^M&tfj-&£.*LfaQ$kVLjL 
il^TG^t-^® 1 ^**L-«»jt#& *«4t>g- 105. 3 

*K 1- 3 # tffi^tf Al 2 0 3 M#£^^7G#3?;fct> i8#J& 

y^^i^te/k^ 100 m m |Bt#»;ft»j:i5*J& > £ 300TC, 5k0e 

3&%t3t#l. 5>M*)-&*t3£. 

^^i^@7f^^#^l-3 t, ^-§-^#$1^-5 MR 
^-^^^r-f- 1) . &7ttf-&&% 2* 5~20* 50Mm 2 *L'J> 
##p^t> #&2, 3 ^^Jit#p^ 1 MR. ^-^tS?, 

£it*hfc:fc;l 40* 100 m m 2 Bt, 2, 3 £ & MR ii> > 

& 3 ti]$L#kjjlt#& 2 Ji^h. 
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I4L H 





MR(*)/4tSMj 
(Oe) 


MR(%)/ 
(Oe) 


MR Jj 
(Oe) 


2X5 


39/49 


46/40 


46/3 


10X25 


40/18 


46/16 


47/3 


20X50 


41/15 


48/15 


49/2 


40X100 


37/9 


45/10 


45/3 



5 ^^&*fc7G##;fc*.^#^, MR 1-2%, y%£fy#~ 

3 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 30 ) /CoFe ( 3 ) /Ru ( 0. 7 ) 
10 /CoFe ( 3 ) /A1 2 0 3 ( 1. 5 ) /CoFe ( dl ) /Ru ( 0. 7 ) /NiFe ( d2 ) /Ta ( 3 ) 

#jLfe&^J**iG*K 260t!, 5kOetf>i£ 

>^t^f 1. 5 'MH\>k± 200Oe ^jM^tfe^ti*ti;&4HH£.MR, 

15 T*f>£*fc4£<h6$*h#^^ t MR ££^^(^2). il 

CoFe tfjfofrtikfc Ml ^ 2. 15T, NiFe #>fe#*>*iHt, M2 A IT, £i£ 
M^t, CoFe 4:^.^ £ t Nm &fc$k d22 - ( M2 * d2 - 

Ml ^ dl) /M2 it$-&teMTfiY J %*&%tfj%&J&fr d22, 4ifeT^« 
+ ft ttJLtik S £ Ml*dl-M2*d2 6$&*t 

20 4£. 



25 
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dl 

(nm) 


d2 
(nm) 


(Ml Xdl + M2Xd2)/S 


(M2XH2 — Ml XdO/M? 


Nm 


MR 

(%) 


2 


4.5 


44 


0.2 


0.00008 


40 


2 


4.8 


18.2 


0.5 


0.0002 


46 


2 


5 


13.28571429 


0.7 


0.003 


47 


2 


10 


2.50877193 


5.7 


0.004 


49 


2 


20 


1.547770701 


15.7 


0.008 


43 


2 


30 


1.33463035 


26.7 


0.012 


41 


2 


50 


1. 188183807 


45.7 


0.019 


40 


2 


100 


1.089864159 


95.7 


0.036 


30 



M. ( ^ 2) T^, ( Ml * dl + M2 * d2 ) /S #$L*b 1 ;t*b 20 *b, 
5 ift JL£ Nm *fc 0. 02 'J^E^.t^^#^J^ MR. iM"/£#,£ Nm k. Bfr, 

m&iy, %*Y, & (Ml * dl + M2 x d2) /S *.Bt, * 

10 feto^-#^H-, ^#H£# FeCo, ^^^_hi^^J^r^#^-^^^#fJlSl# 
^afc-W 4 

15 A T Ta , ^ ^ ^ <& 207 7 PtMn ( 20 ) 

/CoFe (3) /Ru (0. 7)/CoFe(3), t ft 206 7 A1 2 0 3 , 

l£N£#^:205 /£#i7 CoFe ( 1) /NiFe (4) , ###^>ir&J&7 Ta 

(2) ^^^-X^L/k^ft^, %&M:i*\$&&J& 203 

flj ECR^I&Ta, &%%AJ 2 NiFe ft &tfj#ki§_^ 

20 ft4*210#>£, Aft 3 215 # Ru ( 0. 7) 

/CoFe (2), t f B "J>& 216 (ft A1 2 0 3 , ® 217 60 CoFe 

(3) /Ru(0. 7) /CoFe ( 3) /PtMn ( 20) fyfcir&MJs, iklf£& 
fo^tiL&& 4 %mm.5hftfrj5, 1$&M;i5)i&%Lj& 213, 212 
**-h^#&>£ 211. 



#Att«**#A#i3lTi*#tt**#. 
T^M-lBLM: 202/PtMn ( 20) /CoFe ( 3 ) /Ru ( 0. 7) 

/CoFe ( 3 ) /A1 2 0 3 ( 1. 7) /CoFe ( 1 ) /NiFe ( 4 ) /NiFe ( 10 ) /Ru ( 0. 
7 ) /CoFe ( 2 ) /A1 2 0 3 ( 1. 7 ) /CoFe ( 3 ) /Ru ( 0. 7 ) /CoFe ( 3 ) /PtMn 
(20) />J&^gygr 212/_t^^&vir 211. 

tei£>f$-&il£ 260X^6^^ t^#^^t^, 
207 217 &J#kfc®&&famjr6). mfefa-M: 205 Jj^Mi 

210 i&JrSJfc'lM*^, 3 *M&'fc£>fr 210 -5 215 ikH jZL&M'tk. 

V2, 10 *P#£#£->h%te#Ji, S/N ii 

MRAMt. S/N. 

£;&#'J 5 

#A 1 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) / ( CoFe ( 3 ) /Ru ( 0. 7 ) /CoFe ( 3 ) ) 
/A1 2 0 3 ( X ) /CoFe ( 1 ) /NiFe ( 4 ) /Ta ( 3 ) /NiFe ( 6 ) /Ta ( 3 ) 
pxj 2 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) / ( CoFe ( 3 ) /Ru ( 0. 7 ) /CoFe ( 3 ) ) 
*10/A1 2 0 3 ( X ) /CoFe ( 1 ) /NiFe ( 4 ) /Ta ( 3 ) /NiFe ( 6 ) /Ta ( 3 ) 
> 4^ p A 3 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) / ( CoFe ( 2 ) /Ru ( 0. 7 ) /CoFe ( 3 ) ) 
*10/A1 2 0 3 ( X ) /CoFe ( 1 ) /NiFe ( 4 ) /Ta ( 3 ) /NiFe ( 6 ) /Ta ( 3 ) . 

ilJt, ( CoFe ( Y) /Ru ( 0. 7 ) /CoFe ( Y ) ) *10 10 
<fc#J$L CoFe i£jfc%>mt$L 2T, NiFe ^ IT ##*h 

^ 5, 10x 25, 20x 50, 40* 100Mm\ 32 &vgr f«] &3tLJ&, ^j&_t*fsfc 



^.^ £^&>x;£, ^ 330TC, 5kOe f&lf 1. 5 

£ 500Oe T*];t3^ MR 60^^.^-^ ( ^ 3) . 
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#o°o 1 




#«& 3 


(/* m) 


MR(%) 


MR(%) 


MR(%) 


2X5 


25 


30 


18 


10X25 


27 


32 


18 


20X50 


26 


31 


22 


40X100 


17 


22 


10 



ft MR, -^jtb^B^-, 3 T'*MiJ*# MR#'&. &tL 

Vt&&%. 40 x 100pm 2 ^'h^#*t» #^ 1 ~ 3 t MR #EN&>£±f ^. 
5t^j6^^»*Jt*., £&i±T 1000 urn 2 Bt, $;U&'l£^fi6^# 

& 3 t MR^I^^#^^^>^>ft7tr^^^'tt^^( CoFe(2)/Ru(0. 7) 
/CoFe(3) ) *10M ft ^^'li^^^^t/^ 

MR PH&#i£&. -^#&l^tb^, 2 MR H*, # 

*-?&*k1kitJ8tJZ*k1k4tJ&¥lJ&iLjL£ , ® % &&ft ® 

££|£m(m=l, 2, ) ^^a*4t#-Jt#i& fcJLi£*& 

m ft-^Xjfefyt&it Mid -^-f-^J&Jf- dm 6$ 3* Mm * dm, fl'J T£» 
ii.i± m &^-4t¥j Mm* dm ft &ifri§£.te#:6$ Mm * dm ft&#»£jf -h;fe 
^F, %$L% MR. 

2, CoFe A#tfj4ttik>\£.fcM:, *t V, Nb, 

Ta, Cr, Mo, W, Re, Ru, Os, Rh, Ir, Cu, Ag & Au ifi £ T MR ft % 
VC. &*t^i£jLJ^;$ 200- 450X:. TG-ff^-f^-^ 2" 2 n m 2 . i?#,S2 
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fan, »T^#^J^ MR 0. 3nm~2. 6nm#&SI. 

#&;|r&*bJ£i£,£*t-itj, 6nm ^T^^-f^J# 

At. MR 6^^^^. #;KMf^<fct^, ep&plJii^^iG^^ 
&%*X 50wt% ^_h^^il^^r>^X>^60^^r^^-^^^, T^^iA^t 
5 A^famtfiztZi. 

%*\*, ft 0. 3nm~ lOnm Bt, t^^^^i^MR. 

6 

#A i 

10 Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /CoFe ( 3 ) /Ru ( 0. 7 ) /CoFe ( 3 ) 

/A1 2 0 3 ( X ) /CoFe ( 1 ) /NiFe ( 4 ) /Ta ( 3 ) 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /CoFe ( 3 ) /Ru ( 0. 7 ) / A1 2 0 3 ( 0. 25 ) 
/CoFe ( 3 ) /A1 2 0 3 ( X ) /CoFe ( 1 ) /NiFe ( 4 ) /Ta ( 3 ) 
15 #A 3 

Ta( 3) /Cu( 500) /Ta( 3) /CoFe ( 3 ) /Ru ( 0. 35) / A1 2 0 3 ( 0. 25 ) 
/ Ru ( 0. 35 ) /CoFe ( 3 ) /A1 2 0 3 ( X ) /CoFe ( 1 ) /NiFe ( 4 ) /Ta ( 3 ) 
4 

Ta( 3)/Cu( 500)/Ta( 3 )/CoFe( 3)/RuA10( 0. 8)/Ru(0. 35) /CoFe 
20 ( 3 ) /A1 2 0 3 ( X ) /CoFe ( 1 ) /NiFe ( 4 ) /Ta ( 3 ) 

ilJL, CoFe tfjfafrtikfcgL 2. 2T, NiFe A IT 6$#*h 

*2um 2 , ^^.>g-iB]^^t^^, ^aji^^^l, #j$tT*^@ i 

^^#jLt^.^^ia7t#-. #^#^ l~4#tft>&<$ A1 2 0 3 # 

25 f&%-&&^7Lftftfc t$t& RA 1000 u m 2 A*-. 

^t^w^X^, 300 X: KtJS. 400X: t, £ 5k0e tfj&k%,fi&4fJ 1. 
5 'hBt&*tS. 

5000e T^l^LT^^ MR ( $l 4) . 
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1 


2 


3 


4 


CC) 


MR(%) 


MR(%) 


MR(%) 


MR(%) 


300 


48 


43 


35 


30 


400 


2 


15 


13 


11 



(*4) J*#, >j5L#^^^^>gr^#>^^^>ir^^ T RU tf# 

&lt, 300r#&*tJ£t^ifc MR, 400t: 

>*M#r&tf:^L*., ® J*t CoFe>&*£$^i? Ru 6^>g-^it^-f &*t«ifi$- 
&W\$Ltik%4Lfc&. 2-4 400TCT^ IIR^BHfc#Ai&fc*- 

10 4l&'&tti*JikifeiL, &l±fc/k£:& X ( X 

= Cu, Ag, Au, Ru, Rh, Ir, Re, Os ) #»4Mfc4fe, IL4fc4fr, $L4b$3, 
>H84fc;& t^.#*^ R ( R- Si0 2 , SiC, Si 3 N,, A1 2 0 3 , A1N, Cr 2 0 3 , Cr 2 N, 
TiO, TiN, TiC, Hf0 2 , HfN, HfC, Ta 2 0 s , TaN, TaC, BN, B 4 C, Jfc4T 

el £Jt4b£ 2>fti«Ji*4f-/ll«4b*X-^|t.4b4«rR*&»^ 
15 4fr, 4kj£&T*f&*t.#*ii$. 
^4fc-« 7 

1 

20 Ta ( 3 ) /Cu ( 500 ) /X ( 3 ) /CoFe ( 3 ) /Ru ( 0. 7 ) /CoFe ( 3 ) 

/Fe 3 0 4 ( 0. 25 ) /A1 2 0 3 ( X ) /Fe 3 0 4 (0. 25 ) /NiFe ( 4 ) /Ta ( 3 ) 

Ta ( 3 ) /Cu ( 500 ) /X ( 3 ) /Co ( 3 ) /Ru ( 0. 7 ) /Co ( 3 ) /Fe 3 0 4 
(0. 25 ) /A1 2 0 3 ( X ) /Fe 3 0 4 ( 0. 25 ) /NiFe ( 4 ) /Ta ( 3 ) 
25 ilS, X il# Hf ( bcc ) , Nb ( bcc ) , Ta ( bcc ) , Ru ( hep ) , 

33 



Pt(fcc), Cu(fcc), CoFe bcc ^itis^im.^. 

x 2 m in 2 , fy&fkH ^&_t^fc*t, #»J^tT^-^S 1 
&#l#jLfc^^|fi7G*K K 2 t# tffi^tf A1 2 0 3 

&JPU&# MR (£5) . 



1^ 51 



X 




#& l bcc 

MR(%) 


#* 2 hep 

MR(%) 


Mn 


bcc 


3 


2 


Ag 


fee 


3 


5 


Hf 


bcc 


15 


10 


Ta 


bcc 


15 


11 


Nb 


bcc 


13 


8 


Cr 


bcc 


15 


16 


Ru 


hep 


7 


13 


Pt 


fee 


7 


14 


Cu 


fee 


8 


21 



H^^iilT, ttXj&J&M;, il.£ti&#^IVa- Via, YID^^LCu t 

%LJs, Flk&J^&tikfcfe&thftm. 3*h, 7i£^^# MR 5 
itM FeMn 4Mi *t4£, T # >3HA JL £ »J jtj iST MR #.€-to#- 

^. #^J^L, iM&&M:fr5T£&&&&&tftik>&fr&gL^ fee jfc* fcp 

^il*#&-^^#-S-^>g-^:^ T FeMn IrMn 
£ 300~ 450t:^^^ t^*hSJ&^ MR *fc]}sL#^, T 
ljM-#jL#l&&>&>b#.£^ifei$ MR. 
8 
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Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /X ( 30 ) /CoFe ( 3 ) /A1 2 0 3 ( 1 ) /NiFe 
( 4 ) /Ta ( 3 ) /NiFe ( 4 ) /Ta ( 3 ) 

ft¥]£r & 350t t 2tf;t7 &*tJ£;£# MR 

tf&^f- ( ^ 6) . 
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I&61 





MR(%) 


*IrMn 


6 


♦FeMn 


7 


Cr g0 Mn :o 


25 


Cr 50 Mn S0 


27 


CrTc 


10 


*Cr„. s Ru 0 . s 


3 


Cr 99 Ru, 


20 


Cr 9S Ru 5 


25 


Cr, 0 RUj 0 


24 


*Cr TS Ru„ 


2 


*Cr 99 . s Rh 6 . s 


4 


Cr„Rh| 


23 


Cr 9() Rh 10 


27 


Cr S0 Rh JO 


25 


*Cr 75 Rh„ 


7 


*Cr 9J 5 Re 0 5 


6 


Cr„Re, 


14 


Cr 90 Re, 0 


25 


CrjjRejo 


17 


*Cr 75 Re„ 


5 


CrOs 


12 


Crir 


19 


Cr 50 Pd so 


12 


CrPt 


13 


CrAg 


11 


Cr S9 Au S0 


19 


Cr 95 A, 5 


13 




22 


Cr T0 A| 30 


20 


CrPtRu 


18 


CrPdRu 


17 


CrPtRe 


16 


CrPdRe 


18 


CrPtRh 


15 


CrPdRh 


13 
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:** ( 4. 6) #T^, &J&L&&'\±fa&xLtL Mn, Tc, Ru, Rh, Re, Os, 
Ir, Pd, Pt, Ag, Au VA3l Al t&#tfe#:£^ — #£^£r&t> T^^M'J 
^t^^t-T^, VftiLVX 10% ^T'ft^F^^&^-t- 

5 9 

^ Ja 1 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /X ( 30 ) /CoFe ( 3 ) /A1 2 0 3 ( 1 ) /NiFe 
10 ( 4 ) /Ta ( 3 ) /NiFe ( 4 ) /Ta ( 3 ) 
^ & 2 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) / NiFeCr ( 2 ) / X ( 30 ) /CoFe ( 3 ) 
/A1 2 0 3 ( 1 ) /NiFe ( 4 ) /Ta ( 3 ) /NiFe ( 4 ) /Ta ( 3 ) 
3 

15 Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) / NiFeCr ( 2 ) / X ( 30 ) /Co ( 2 ) 

/CoFe ( 1 ) /A1 2 0 3 ( 1 ) /NiFe ( 4 ) /Ta ( 3 ) /NiFe ( 4 ) /Ta ( 3 ) 
itX, X^lMn J-6^^5iit'l±#^-. 

20 #ifc>M^J&7G*K £ 5k0e 6$lt%t # 350t: & *t 6$ MR 

^r^^#T^t^^^^^^^^^^m. 



25 



30 
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MR(%) 


2 

MR (%) 


MR (%) 


♦ IrMn 


6 


7 


\ 9 


*FeMn 


7 


8 


10 


*Pt,cMllre 

T1 l 35 lTiil 65 


1 


1 
1 


1 


Pt Mn 


1 ft 
1 0 


^ *t 


9^ 


Pt Mn 


2fi 




0 i 


Pt«Mll.r 

l l S5 l,Jll 4S 


1 7 






♦ PtcAMlliA 
60 40 


2 


2 


2 


*Pd, s Mn fiS 

35 65 


I 


1 


1 


PdiftMn^n 


11 


14 


15 


Pd S0 Mn 5fl 


16 


18 


20 


Pd ss Mn 4S 


12 


15 


16 


*Pd 60 Mn< 0 


1 


1 


1 


*(PtPd) 3S Mn 6S 


1 


1 


1 


(PtPd) 40 Mn 60 


15 


17 


21 


(PtPd)Mn 


23' 


26 


29 


(PtPd)Mn 


16 


18 


20 


*(PtPd)Mn 


1 


1 


1 



**(4L7), £fe**Pt*PdttiL»#4t#ip}- + , 
£R&&Wft, *P4££. 350t:^^^:S^>g:t > -k^tfe IrMn, FeMn 

& 450X? >^ 350t: ftte®7L&%i3k — #-tfh ^-f 

^^X5iLS^'l4^:^^^^^^^. ^-vFft, Jfctitmr IrMn 
il^- FeMn #it#t> £ 450^ 6$ & *hj£j£ $ &&>\kJktf}mtfo*> 

1 £4£;fJ T NiFeCr 2 t, St— 

fl##sUl£*#>* Cu ^#>ftjt# fee ^it^^vgril^- 
^-^Thcp, hct ^it^^.^.>g:t^^r^^^. X M%.#rMftifr%Ti£?IL, 
i£iiiil££;&#]3p#6$.g-J&, fe#Jt&ilS4*'&J&ti (111) 
£>h£-hi£#&:&>fc! 8 tte^ Cr ^-^SS^^^t, &AMr&% bec 



^^-L-=r^, iL&^'fcifl^g-tt^H.&A. Mn.oo-.Me, ( Me 4:M. Pd, Pt 
t&#&<$ J.^ — # ) £ 40 < X< 55 ( ) BtT^ 

5 ##Ji--fi: it^^^-^^-^ IrMn, FeMn^tt^, 

£^£B./£t> lOat 
% ^FH^^^^fJ:^^ Tc, Ru, Rh, Re, Os, Ir, Pd, Pt, Ag, Au, 

io f cc & % f cp #i i£&# tfc «$ j. *y - *t a m± 

% ft 3% &&&'&fc&4£&Jl&&frg:&Co Bt, 
15 10 

1 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 30 ) /X ( 0. 5 ) /CoFe ( 3 ) 
/A1 2 0 3 ( 1 ) /CoFe ( 3 ) /Ta ( 3 ) 

20 2 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 30 ) /CoFe ( 1. 5 ) /X ( 0. 
5 ) /CoFe (1. 5 ) /A1 2 0 3 ( 1 ) /CoFe ( 3 ) /Ta ( 3 ) 
i£i, X^^AS^'^^-^^^^^'li^. 

25 2 um 2 , 1&&M:m%.&f&, ^A-h^fc*!, #]$t*#S 1 #r^-S»)*tf# 
jfcfcai^^J&TGfK *8>];tT£ 35OTC60 *M f&tt&Jsttf] MR-ti.^^^ 
^-f" ( JIl 8) . 
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1^ 81 





$-3* 1 

MR(%) 


If-A 2 
MR(%) 


*CoFe 


23 


23 


Fe 3 0 4 


30 


I 34 


MnZn^x^-f h 


32 


33 


FeAlO 


36 


38 


FeTaN 


32 


34 


FeHfN 


32 


35 


FeTaC 


33 


36 


FeHfC 


33 


36 


CoFeB 


37 


38 


CoTaZr 


38 


40 


CoTaNb 


33 


35 



^^fL^&^'&te, l&-£^£;&#'Jtf Fe 3 0 4 , MnZn ^fl^ *K 
Pp&£ NiZn ^^^^^-^^^^^bI,^^^^, te%§£Q^t%j 
MFe0 3 ^^to^-k^i^^sfc^. *p&^^£;&#.]# 
FeAlO TMO ( T = Fe, Co, Ni; II- Al, S^i.» Zr, Hf, V, Nb, 

Ta, Cr, Mg) &f&>®.fclLm iLA% |S) sfcjfl. -ft #>^fLtf> 

FeTaN, FeHfN « *h TN, TMN ( iX 
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atfttJtEI^-IL. ###*£##S&fc*#*|#flUW, Co( Fe) 

NbZr, Co(Fe)TaZr, CoFeB, Co(Fe)Ti, Co ( Fe ) Zr, Co ( Fe ) 
Nb, Co(Fe)MoBZr, Co ( Fe ) VZr, Co ( Fe ) MoSiZr, Co ( Fe ) MoZr, 
Co (Fe) MoVZr, Co ( Fe ) MnB v*$iiL& H&'&tt 

11 

#p"ct 1 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( da ) /CoFe ( df ) /A1 2 0 3 ( Y ) 
/ CoFe ( 1) /NiFe (5) /Ta ( 3 ) 

df la^Ldaii^t^^^'ffc^J^LT^^^^^^^it^J*^^^ 

T£ 35OTC60^f^ t^^t^^6t VLRittitgOL-frTi 9 ) . 3 *b A1 2 0 3 
Y#t7tr 100O umA^HI. 
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1 61 

(nm) 


da 
(nm) 


d±7da 


[ i 

| XtX Xv ^ so ) 


I *1 


*3 


0.33 


I o 


1 2 


*3 


v.vO 


8 


1 10 


*3 




! 7 j 


j 50 


*3 


*17 
x t 


! 6 j 


j *60 


*3 




j 3 | 


I * 1 


K 

LI 


n o 


| 9 1 


! 2 




0.4 


1 18 | 


1 10 






j 13 ! 


50 


5 


! 11/ 


j 7 1 


1 *60 


5 


* 19 


I 6 1 


(_ *1 


10 


0 1 


1 Ck t 

51 


f 2 


10 


0,2 


OA 1 
L ^4 1 


! 10 


10 


1 


1 


i 50 


10 


5 


91 1 

1 


| *60 


10 


*6 


Q 1 


*1 


20 


*0 03 i 


Q { 
1 


2 


20 


n i 


23 i 


1— 10 


20 




29 1 


I 50 


20 


9 E f 


19 J 


1 *60 






8 


i *i 


inn 


0.01 t 


2 1 


2 


i hn 


1rf\ AO I 

0.02 


4 J 


10 


100 


0.1 


17 


50 


100 


0.5 


21 


1 *60 


100 


0.6 1 


9 


[ 1 


*200 


*0.005 


1 1 


L 2 


*200 


*0.01 


3 


r 10 


*200 


*0.05 


6 ) 


I 50 


*200 


0.25 


9 j 


I *60 


*200 


0.3 ]_ 


7 ~J 



*&£>MKA»*iitrtf#&* 2601C, 350TC , 4001C, 450t:^*^ 
*«4Mftit«**, *»*.*»4Mt4Mt*. JW**^***^* 
10 3Ui**fc*tM 
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it— MR tnMtrtiJL 

— ^-fcj-^, ® 11 t^ifc£ 260TC jf* 400TCTi£-fritf&*tJE£ 

# MR 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 300 ) /CoFe ( 3 ) /A1 2 0 3 ( Y) 
/CoFe ( 3 ) /Ta ( 3 ) 

s m *. m h iK % a * -r ® * at # t « & it , ^ * Fe co ( 3 ) 

/PtMn (30) tftk^l^O. 1 *b4£<hrf& ?| 6* MR 6$ AMfc, 
4**.* 400TC^&*t3^, '**Mj*JU* Ala o, 
Y$t& RA 100O nii^^tJI. 

#fj 15% «Ul# MR. *^MRfcte*^tfl^tfHMife#&, HJb£« 

'&fc#]$-&TZ,% da, #J *T>*£ 

2nm< df < 50nm, 5nm < da < lOOnm, 0. 1< df /da < 5 6$ & ® J*j , 

^ ^Mb^^^j t#^AS«^^ T PtMn, Kjk&ttfjjL®. 

350X: - 450TCTT^#5'J^^^^^^g >f L-f- 

12 

#A 1 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 20 ) /CoFe ( 6 ) /A1 2 0 3 ( 1. 
8 ) /CoFe ( 1 ) /NiFe ( 5 ) /Ta ( 3 ) 
#«& 2 

Ta(3) /(Cu( 250) /Ta ( 3 ) ) *2/PtMn(20) /CoFe ( 6 ) /A1 2 0 3 
(1.8) /CoFe ( 1 ) /NiFe ( 5 ) /Ta ( 3 ) 
^* i5p 3 

Ta ( 3 ) / ( Cu ( 50 ) /Ta ( 3 ) ) *10/PtMn ( 20 ) /CoFe ( 6 ) /A1 2 0 3 
(1.8) /CoFe ( 1 ) /NiFe ( 5 ) /Ta ( 3 ) 

( Cu ( 50) /Ta ( 3) ) *10 ft &j Cu ( 50 ) /Ta ( 3 ) £ Mlt 10 



«0#jL*a^«piiL^. £ 300^, 350X:, 400C, 450tlf«*4H*t 
&*t^,&i# MRte^f- (4. 10) . 

IJL 101 



CC) 


#«& 1 

MR(%) 


■W~m> 2 
MR(%) 


1 3 
MR(%) 


300 


45 


46 


47 


350 


25 


32 


37 


400 


12 


20 


25 


450 


8 


15 


20 



**(4L10), ^ 300t:^^>«:St#^ 1~3 
A. lfr*Cu4* Ta**l&^i3l*K Ag, Au, Al Cu 

^5nm-100nm A*, 7nm ~ 5nm A 

#. Si0 2 , SiC, Si 3 N 4 , A1 2 0 3 , A1N, Cr 2 0 3 , 

TiC, Hf0 2 , HfN, HfC, Ta 2 0 s , TaN, TaC, BN, B 4 C, DLC, C 6 0 4f. £ 



it*t«Art. *fti»20%iaTft,#Cii, Ag, Au, Pt, Pd, Rh, Rh, 
Ir, Ru^tg^-, X^^^^^pi^pT^^i^J^^.^^^^ ##tft 

£*fc*l 13 

1 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 10 ) /Co ( 3 ) /Ru ( 0. 7 ) 
/Co ( 3 ) /Cu (2. 2 ) /Co ( 1 ) /NiFe ( 2 ) /Pt ( 7 ) /Ta ( 10 ) 
2 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 10 ) /Co ( 3 ) /Ru ( 0. 7 ) 
/Co ( 3 ) /Cu (2. 2 ) /Co ( 1 ) /NiFe ( 2 ) /Ta ( 3 ) / NiFe ( 4 ) /Ta 
( 3 ) 

3 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 10 ) /Co ( 3 ) /Ru ( 0. 7 ) 
/Co ( 3 ) /Cu (2.2) /A1 2 0 3 ( 0. 3 ) /Co ( 1 ) /NiFe ( 2 ) /Ta ( 3 ) / NiFe 
( 4 ) /Ta ( 3 ) 
#^ 4 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn (10 ) /Co ( 3 ) /Ru ( 0. 7 ) / 
Co ( 3 ) / Cu ( 1. 1 ) /A1 2 0, ( 0. 3 ) / Cu ( 1. 1 ) /Co ( 1 ) /NiFe ( 2 ) 
/Ta ( 3 ) /NiFe ( 4 ) /Ta ( 3 ) 
5 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 10 ) /Co ( 3 ) /Ru ( 0. 7 ) 
/Co ( 3 ) /CuAlO ( 2. 2 ) /CoFe ( 1 ) /NiFe ( 2 ) /Ta ( 3 ) /NiFe ( 4 ) 
/Ta ( 3 ) 

^fpa 6 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 10 ) /FeN ( 3 ) /Cr ( 0. 7 ) 
/FeN(2)/CoFeB ( 1 ) /CuAlO ( 2. 2 ) /CoFeB ( 1 ) /NiFe ( 2 ) /Ta ( 3 ) 
/NiFe ( 4 ) /Ta ( 3 ) 



37 0. ix 0 . i Mm », mAAfimitaL, v&jl^^, WNUMTBl 

t^*t^^^ MR^^^PJL^t^r-f ( ^ 11 ) . 

5 

I4L 111 





(Q) 


MR(%) 


1 


0.6 


2 


2 


0. 5 


10 


3 


1 1 


12 


4 


1. 1 


15 


5 


0.8 


12 


6 


1.5 


8 



*i±**4fc** 7 3 «JL#A 4 

Olpm'tfT, ft**)** MR, 
fci3L##Jtf 7 GMR AJH^#jt^at«*ai3K: > gL>c.#. 

o. 0lMm 2 ^T^^7^^7C#t|fi^^^^^, 

***V. Nb, Ta, Cr, Mo, W, Cu, Ag, Au, Ru, Rh, Ir, Re **. 



£ >h fcitfcfl RuAlO it&to&jt Ru/Al 2 0 3 /Ru, Ru/Al 2 0 3 ft £ 

**#tifc#*«R(R-Sia, SiC, Si 3 N 4 , A1 2 0 3 , A1N, Cr 2 0 3 , Cr 2 N, 
TiO, TIN. TaC, Hf0 2 , HfN, HfC, Ta 2 O s , TaN, TaC, BN, B<C, it* 
*-fctf»^4fr ) «* XR X/R SJS# 2 _Ltf £ 

********* CoFeB tftf 

*##A£S*4Mfs IMMWJS.^ CPP-GMR A********* 

#**Jl«*a*4i#., £Fe 3 0 4 . MnZa 

*4Mfc#**|IFeO,*#Ufc#* f ^*TMO(T=Fe, Co, Ni; M-Al, 
Si, Ti, Zr, Hf, V, Nb, Ta, Cr, Mg ) ^&4fc4fr& £ 

^^fit^a*^, £TN, TMN(ilJt, T, M-^Jl 

£TMC(i£JL, T, M-%-t**lH)^t i r«**««#*&*t4t. • 
£Co(Fe)NbZr, Co ( Fe ) TaZr, CoFeB, CO ( Fe ) 
Ti, Co(Fe)Zr, Co ( Fe ) Nb, Co ( Fe ) MoBZr, Co ( Fe ) VZr, Co 
( Fe ) MoSiZr, Co ( Fe ) MoZr, Co ( Fe ) Mo VZr, Co ( Fe ) MnB * * 

^^fe^i 14 

£ MOS £*_t f *****aM***T#%;fc**. *J*^T CMP 
** MOS «ftJ-&J^HJfcT>XTtf£,g-lg. 
#A 1 

Ta C 3) /Cu ( 500) /Ta ( 3 ) /NiFe ( 1 ) /FeCo ( 1 ) /A1 2 0 3 ( Y) 
/CoFe ( 10 ) /PtMn ( 20 ) /Ta ( 3 ) 



~ 2 



Ta ( 3 ) /Cu C 500 ) /Ta ( 3 ) /NiFe ( 2 ) / Ta C 3 ) /NiFe ( 1 ) 
/FeCo ( 1 ) /A1 2 0 3 ( Y ) /CoFe ( 10 ) /PtMn ( 20 ) /Ta ( 3 ) 



47 



3 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /NiFe ( 3 ) /Ru ( 0. 7 ) /FeCo ( 1 ) 
/A1 2 0 3 ( Y ) /CoFe ( 10 ) /PtMn (20) /Ta ( 3 ) 

**4*. b %*H&¥i^$tmm% ( EQ 12B) , + + , fl* 

a/b&# 1, 1. 5 , 5, 10, 12 3^, 

* lOOOnm, >C#^^^^^rfj^^t:^^ 2000nm. ^^xj&, 

#*-t***. T 4oor:^^^^^, *ah i2aj^*#«k 

fc*##*^E. 240X:^^^t, *»X lOkOe tf**, 

m&Mrttmtirft. Ai 2 o 3 tfj&# YjifcARAA* ikn Pln ^^ 

* MOS * OFF ****T. *** 
******** *#*4Utt*#*X. **. ^MOS^ON** 

***+tf»M**+#tf**lfe*#**. *-F**<*12) 
1^121 



a/b 


i 


2 


3 


1 


1 


0.01 


0.04 


1.5 


1.4 


0.08 


0.3 


5 J 


1.7 


2 1 


2.3 


10 


14.6 


8.6 


9.2 


12 


19.6 


12 J 


13 



48 



14^ 131 



a/b 


to 1 


2 


#to 3 


1 


1 


1.2 


1. 1 


1.5 


1. 1 


1.3 


1.2 


5 


1.2 j 


1.5 


1.4 


10 


1.3 


1.4 


1.2 


12 


0. 9 


1. 1 


1 



t, TTv*®HW$M*.#H*>%mili. yt^r^fr a/b ^ i 5 

<a/b< 10 BtT#4f^!)^ it* 
15 

£ AlTiC J.&jL^&jjg^g ( ® 13) . 
#«& 1 

T^JF&>£ 301/m&%& 302/PtMn ( 20 ) /CoFe ( 3 ) /Ru ( 0. 7 ) 
/CoFe ( 3 ) /A1 2 0 3 ( 1. 5 ) /CoFe ( 1 ) /NiFe ( 3 ) 
2 

T^#&,g 301/^ 302/PtMn ( 20 ) /CoFe ( 3 ) /Ru ( 0 7 ) 
/CoFe ( 3 ) /A1 2 0 3 ( 1. 5 ) /CoFe ( 1 ) /NiFe ( 3 ) NiFe ( 4 ) /Ta ( 3 ) 
/NiFe (4) /^&>I- 312/_L^JFigL£ 311 

^ w 3 

T^#&>& 301/^ gJL 302/PtMn (20) /CoFe ( 3 ) /Ru ( 0 7) 
/CoFe ( 3 ) /A1 2 0, (1.5) /CoFe ( 1 ) /NiFe ( 3 ) NiFe ( 5 ) / Ru ( 0 7 ) 
/NiFe (3) /J&£-^ 312/_L^#&JL 311 

itJ£, NiFe/Ta/NiFe NiFe/ Ru /NiFe £ (© 13) 

310. PtMn CoFe/Ru/CoFe £ g} 307 

Al 2 0 3 ^#^Ji^ 306, CoFe/NiFe A & 305. 

fry* 280X:, i 5 

**. 5k0ei£4f T«^, ^^^^^(^J^ g, 13 ^M.^), 
£l800TC, 1. 5<)>H, 5k0e +i£4f. 

3 ##&H, 90kTPI ( ) £ 

***** 550kBPI ^«4Lt» HDD ******** 
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10 



***2111l/*##dfcfrT#±iUK *.^*tf-t^*3r 20nm. i&* 

Ulx 10 - # - 2 £ 1 x io', 3 A 1 * 10 

- 8. 5 

^^-fc) 16 
#A 1 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 2 ) /Ru ( 0. 7 ) 
/CoFe ( 2 ) /A1 2 0 3 ( 2 ) /CoFe ( 1 ) /NiFe ( 1 ) /Ta ( 3 ) 
#A 2 

Ta (3) /Cu ( 500) /Ta ( 3 ) / NiFe ( 4 ) /PtMn ( 15) /CoFe ( 2 ) 
/Ru ( 0. 7) /CoFe (2) /A1 2 0 3 ( 2 ) /CoFe ( 1 ) /NiFe ( 1 ) /Ta ( 3 ) 
15 3 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) / NiFeCr ( 4 ) / PtMn ( 1 5 ) /CoFe 
( 2 ) /Ru ( 0. 7 ) /CoFe ( 2 ) /A1 2 0 3 ( 2 ) /CoFe ( 1 ) /NiFe ( 1 ) /Ta 
( 3 ) 

#«S 4 

Ta(3) /(Cu(5) /Ta(l) ) *100/ NiFeCr ( 4 ) /PtMn (15) 
/CoFe ( 2 ) /Ru ( 0. 7 ) /CoFe ( 2 ) /A1 2 0 3 ( 2 ) /CoFe ( 1 ) /NiFe ( 1 ) 
/Ta ( 3 ) 

^F"i»a 5 

Ta ( 3 ) /Cu ( 500 ) /NiFe ( 1 ) /CoFe ( 1 ) /A1 2 0 3 ( 2 ) /CoFe ( 3 ) 
25 /Ru ( 0. 7 ) /Co 30 Fe 70 /PtMn ( 15 ) /Ta ( 3 ) 

^ TO 6 

Ta ( 3 ) /Cu ( 500) /NiFe ( 1 ) /CoFe ( 1 ) /A1 2 0 3 ( 2 ) /CoFe ( 3 ) 
/Ru ( 0. 7 ) /Co 60 Fe S0 ( 3 ) /PtMn ( 15 ) /Ta ( 3 ) 

30 Ta ( 3 ) /Cu ( 500 ) /NiFe ( 1 ) /CoFe ( 1 ) /A1 2 0 3 ( 2 ) /CoFe ( 3 ) 

/Ru ( 0. 7 ) /Co 90 Fe I0 ( 3 ) /PtMn ( 15 ) /Ta ( 3 ) 



20 



50 



Ta ( 3 ) /Cu ( 500) /NiFe ( 1 ) /CoFe ( 1 ) /A1 2 0 3 ( 2 ) /CoFe ( 3 ) 
/Ru ( 0. 7 ) /Co 90 Fe,o ( 1 ) /NiFe (2) /PtMn ( 15 ) /Ta ( 3 ) 

#*****«*«a!*pLfc*K «fc7£5k0e4**t* 300- 400 
C^**ta«j&«0 MR4t.ft#;£^f- (4L 14) . 

**h, *#*l-8t, **#CoFett***.Co,.Fe M Afr. 





MR(%)30(TC 


MR(%)350*C 


MR(%)400r 


l 


48 


22 


9 


2 


49 


48 


39 


3 


50 


48 


43 


4 


50 


49 


46 


5 


45 ] 


1 18 


6 


6 


44 


28 


8 


7 


47 J 


35 


30 


8 


43 


38 


35 



#A 1 ft**, 4tm 7 NiFe ^ NiFeCr 2 «X#A"3 ft 

*****Ufc-#*fc. ^-^fc, £#&MJl**#*b| ****** 
5-8 t, PtMn T*^«* CoFe Co *t> NiFe 

3>K iti±X#^4lf#T^, ^Rt# Co ft3#>, ^bccftfpt 
PtMn PtPdMn tftfttT, T * fctf**** 

•It. 

Mn 100 - x Me x ( Me Pd, 
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W. 

17 

Si ^^4b^JL*J#:T^T^>t#. 

1 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /NiFe ( 5 ) /Ta ( 3 ) /NiFe ( 5 ) /A1 2 0 3 
(0.9) /CoFe (3) /Ru ( 0. 9 ) /CoFe (3) /PtMn (15) /Ta ( 3 ) 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /NiFe ( 5 ) /Ru ( 0. 9 ) /NiFe ( 5 ) 
/A1.0, (0. 9) /CoFe (3) /Ru ( 0. 9 ) /CoFe ( 3 ) /PtMn (15) /Ta ( 3 ) 

^ oa 3 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /NiFe ( 5 ) /Ta ( 3 ) /NiFe ( 9 ) /A1 2 0 3 
(0.9) /CoFe (3) /Ru (0.9) /CoFe (3) /PtMn ( 15) /Ta (3) 
4 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /NiFe ( 5 ) /Ru ( 0. 9 ) /NiFe ( 9 ) 
/A1.0, (0.9) /CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe (3) /PtMn ( 15) /Ta ( 3) 

5 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /CoFe ( 4 ) /Ta ( 3 ) /NiFe ( 9 ) /A1 2 0 3 
( 0. 9 ) /CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe ( 3 ) /PtMn ( 15 ) /Ta ( 3 ) 

frw 6 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /CoFe ( 4 ) /Ru ( 0. 9 ) /NiFe ( 9 ) 
/A1 2 0 3 ( 0. 9) /CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe (3) /PtMn ( 15) /Ta ( 3 ) 
5 iMf 6 60 & fc^'fet^ CoFe ( 4 ) NiFe ( 9 ) 

to** ******* A.+k*WL. #A1> 3 , 5 #4^ij 

4, 6i^ii.i±R u (0. 9) 

toi£&£Mf&£. 5k0e £_ 280"C T3Hf &4t^> -fcfl E B 

^*J^^JL^^^^^^ # ^^^^ 0 lx 0 3 0 3 x 0 3 

* 60 # Jl fa>t#. 



X±200 Oe H#J MR£#& 2# 5% &t&-ft*tJl 30% A^. 

>^ 200 Oe6$*h*p^, i£ft%%7Lft&j-lk&j!r&£. tl 
te>£i£^&>lt.^&6$##. # T^^#a w a 1 vx&_m.& 3-6 7G#^# 
«4t«.*t, i£*f T>£ 250X:, 1 >hHtfj&m?L>t!k£!&MXL^#] 50e 6$ 

£#* 3-6 

" 3 ^4t. #"f «J*^ft^3fc^Jfc^tff 200 Oe 

T60^fc^#. 3—^,5, 5 «2Uf,& 6 t> fctyftiXM 1 x 3 

* 3-6 ^#->ht5^T^it#^4fc^#, «.fe#*ill##fc;t.l£ 
^#^^_^#J > a 5 VXTk. 6. 

18 

1 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 30 ) /CoFe ( 3 ) /Ru ( 0. 7 ) 
/CoFe ( 3 ) /A1 2 0 3 ( Y) /NiFe ( 5 ) /Ru ( 0. 7 ) /NiFe ( 3 ) /Ta ( 3 ) 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 30 ) /CoFe ( 3 ) /Ru ( 0. 7 ) 
/CoFe ( 3 ) /A1 2 0 3 ( Y) /NiFe ( 3 ) /Ru ( 0. 7 ) /NiFe ( 3 ) /Ta ( 3 ) 

AI2O3 6§ii£Jf. y ra j$L3b loon pmi^M^. 

Z&mfr 5kOe>^^t, £ 240X:T2bfT&*ti£, #l*J it*J i 
&£&-QtiLftjL'frfi&&.% 3x3um 2 . ^^.^IbJ^^J^, ^Ji^ife 

$$:j|-3r® 1 7 ^r^^J^^#i:^^^jaic.#. © h 

1 «^#& 2 6i MR &gLvZZLft% § 



NiFe/Ru/NiFe 1, #A2**«f*^ 

32 TMR * 1*1 , ^f-^**T««#«|4»M4L*.ilt, 

6 #^tffl*tf 2 t ft 

l, 2 - ^t, **j£^fcif 

& £#te>g-rt#*Nfc:fc.&i&*r b'-c'i& b-c ii^^f-^^ 

2 t. MR**.***. it-A, ifflMf#A2^i4 

M-PSMtoA, -!*>&te-k3&% l&'&fe&tf!^ dl, -f-*Mfe 
*»#4fci&* Ml, te_ti££ 2 d2, ^Xjfcfr 

«Mfc*&# M2, *'J M2*d2>Ml*dl, Jfri^*MM*J&tf£4fc, 

^^fe-W 19 

&JB4UK?*Ut*£ Si ft|L4fc*.*LJi*HfcT«T«0it^. 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /Ru ( 0. 7 ) 
/CoFe ( 3 ) /A1 2 0 3 ( Y) /NiFe ( 4 ) /Ru ( 0. 9 ) /NiFe ( 4 ) /Ru ( 0. 9 ) 
/NiFe ( 7 ) /Ta ( 3 ) 

A1 2 0 3 ¥)J&M- Y$t& RA 1000 noii^tl. £ 
,OI£ 5kOe##%t. £ 280t:Ti£#&*tJ£, «J8 EB • 
tefo^A£ft& fc&7lfi-&$>& 4 % o. 5 xi. 5um\ 

500 Oe #^^,te^-Ly&# NiFe 
(7) -kf&t&fy, fa^± 100 Oe #*h#J&J^Bt 

lM«^fS 156^«iCSt. © 15 t. B£.*MM&401 t-fc 
tt&7£#i£tfe")vl- 402 6^ CoFe # Ji # . S 15 t, B 
*kK&&K&, ^AT$ 2 406 3 

407) *&«tifc^#«t*i«T«&^**Bt. A C ##*4b 



13M±^>£ 403-51* 2**#.^405«it*«Ht^>R404 
407 ti4ttt4fc&il4tlj-ti4fc*.. © 16 t#^fl;t#&*_ B, 

iXfe B-A ^t:4tT^)a^^^^^. 
© 17 *>t#^^. 

CMOS frT^^%tf&fo±^&7J$ifrftgft m #t nlL x L 
&J&7 ft P *Li£$M:1&& 5kOe ^>#J^t, £ 280t:Tii#^*h 

«. Mfr&M&&&jfi>JL&£fim&ftKft&&&% 0.5x1.5 

Mm 2 , «AA«Jfci|.^, ^A-M^fe, ^^S17A, B/sfr^MRAN 

***** T^^^^^Jufc^-^^^, 3#tt#.J&t-iM* 
#4M*&. -^XSt, |6^ic#*^#^ CMOS ^^f^jl^ ON, jftjt 

TT«W#I4§«^^ MRAMtg#. 
20 

#& 1 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/CoFe ( 3 ) /A1 2 0 3 ( Y ) /NiFe ( 4 ) /A1 2 0 3 ( Y ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/CoFe ( 3 ) /PtMn ( 15 ) /Ta ( 3 ) 
2 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/CoFe ( 3 ) /A1 2 0 S ( Y ) /NiFe ( 2 ) /A1 2 0 3 ( Y ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/CoFe ( 3 ) /PtMn ( 15 ) /Ta ( 3 ) 
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P?r 3 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/CoFe ( 3 ) /A1 2 0 3 ( Y ) /NiFe ( 3 ) /Ta ( 3 ) /NiFe ( 5 ) /A1 2 0 3 ( Y ) 
/CoFe (3) /PtMn ( 15) /Ta ( 3) 
4 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/CoFe ( 3 ) /A1 2 0 3 ( Y ) /NiFe ( 3 ) /Ta ( 3 ) /NiFe ( 5 ) /A1 2 0 3 ( Y ) 
/CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe ( 3 ) /PtMn ( 15 ) /Ta ( 3 ) 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/CoFe ( 3 ) /A1 2 0 3 ( Y ) /NiFe ( 3 ) / Ru ( 0. 9 ) /NiFe ( 5 ) /A1 2 0 3 ( Y ) 
/ CoFe ( 3 ) /PtMn ( 15 ) /Ta ( 3 ) 
6 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/CoFe ( 4 ) /Ru ( 0. 9) / CoFe ( 2 ) /A1 2 0 3 ( Y) /NiFe ( 3 ) /Ru ( 0. 9 ) 
/NiFe ( 5 ) /A1 2 0 3 ( Y) /CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe ( 3 ) /PtMn ( 15 ) 
/Ta ( 3 ) 

A1 2 0 3 Y$tj&RA/k;$ 300O um £;£#JBU|-. fc^ £ 

^tt£5kOe**#4*+, £ 280t:Tifc*T&*t«, EB 
*»*»iA£***M*it#ift$*j$ 1 # o. lx 0 . 3u m 2 . KA&n***. 

tfttfijLVf-jk&ikmmyn-n 30% £;£#j&ia£4fc. 2t*f 

NiFe ^*<t*H*^jfe4J^fiJjt^^**t, J*(l£4fc£. 10% A*. 

6***. 3^, #Al^MR*^«&*^#4i*L*L. 

#t> ***MMUHfc**»JH MR 4UL-f*Jj-J|t, ^-4^^ 



2 1 ^^^^Jl^^ 
fij£.%&&>\kM:£r#te2n(n=l, 2, ) ( 2n -l ) 

21 

1 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/CoFe ( 3 ) /A1 2 0 3 ( Y ) /NiFe ( 3 ) /Ta ( 3 ) /NiFe ( 3 ) /Ta ( 3 ) /NiFe 
(3) /A1 2 0 3 ( Y) /CoFe (3) /Ru (0.9) /CoFe (3) /PtMn (15) /Ta 
(3) 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/CoFe(3) /A1,0,(Y) /NiFe ( 3 ) /Ru ( 0. 9 ) / NiFe ( 3 ) /Ru ( 0. 9 ) 
/NiFe ( 3 ) /A1 2 0 3 ( Y ) /CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe ( 3 ) /PtMn ( 15 ) 
/Ta ( 3 ) 

^ocr 3 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/CoFe(3) /A1,0,(Y) /NiFe (3) /Ru ( 0. 9 ) / NiFe ( 5 ) /Ru ( 0. 9 ) 
/NiFe (3) /A1 2 0,(Y) /CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe ( 3 ) /PtMn (15) 
/Ta ( 3 ) 

#A 4 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/CoFe (3) /A1 2 0 3 ( Y) /NiFe (3) /Ru ( 0. 9 ) / NiFe ( 6 ) /Ru ( 0. 9 ) 
/NiFe (3) /A1,0,(Y) /CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe ( 3 ) /PtMn (15) 
/Ta ( 3 ) 

5 

Ta ( 3) /Cu (50) /Ta ( 3) /PtMn ( 15) /CoFe (3) /Ru ( 0. 9 ) 
/CoFe(3) /A1 2 0 3 (Y) /NiFe ( 3 ) /Ru(0.9) / NiFe ( 7 ) /Ru(0.9) 
/NiFe ( 3 ) /A1 2 0 3 ( Y) /CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe ( 3 ) /PtMn ( 15 ) 
/Ta ( 3 ) 
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#w 6 

Ta ( 3 ) /Cm ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoPe ( 3 ) /Ru ( 0. 9 ) 
/CoFe ( 3 ) /A1 2 0 3 ( Y ) /NiFe ( 4 ) /A1 2 0, ( Y ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/CoFe ( 3 ) /PtMn ( 15 ) /Ta ( 3 ) 

Al 2 0 3 #ft^- Y$t/£ RA&# 300O uni^M. 
#2>&ft5k0e ti-fltfet, £ 280X:Ti£*r&*tJ£ > ft/B EB * 

ft, *iflt_**2^t«>&^#i.*atSi*&7G^. £ 

30% A^^^ja^^t. ^#A3t, -MU**T 

fe-fW 14 # A®, ^W^4M#A5 ffUMfSI 15tf;£ 
MR 3 4 rtS^Bt, #A 3 6* £ 

* NiFe ( 3 ) /Ru ( 0. 9 ) /NiFe ( 5 ) /Ru ( 0. 9 ) /NiFe ( 3 ) , £ *h# 

* 4 # tj ,1 NiFe ( 3 ) /Ru ( 0. 9 ) /NiFe ( 6 ) /Ru ( 0. 9 ) 
/NiFe (3). **&+*&*M%±3t4tJSL&#&to& t Mltgftiii 

4t« VSM*JtTfc*J&*.^ Al,0,«jaLRu, it 
*7ft*tf NiFe (Sf&aj*. MR atJtt-ftii&M* 

to) T^f,J NiFe 

* 1 **t#.,&, % l |E 2 * 2 

Pil7G#, ^t. ^^>#'I±^>grn^-f^^Te.^ dn, fe-f^te^ 
HvL% Mn ( n= 1, 2, 3), J?»J M3 * d3 + Ml * dl * M2 * d2 , «|« 
&>&&*>$l&A% (2n+ 1) (N- 1, 2, ) tfifrlitfLj^ 2n 

4 ^ #. £ x & & j #} g ft et & ^- m # # 38t ^ . 



22 

1 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/CoFe ( 3 ) /A1 2 0, ( Y) /CoFe ( 3 ) /Ru ( 0. 7 ) /CoFe ( 5 ) /Ta ( 3 ) 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/CoFe ( 3 ) /A1 2 0 3 ( Y ) /CoFe ( 3 ) /Ru ( 0. 7 ) /CoFe ( 7 ) /Ta ( 3 ) 

Al 2 0 3 #£Uf. Y$t&RAj&;$ IkO um A^6^J^J|.. £ *hi£ 
5- Ru g-fc-ttfj CoFe ( 5 ) ^ NiFe ( 7 ) 3^#J8M£>feif* x $iJ§. JL-f- fa 
ft. lOkOe #i&i£t« 280^^^^^, tiLM I 

jtfi-m&&% 0. 2* 0.6m m 2 . 

* + *^W*tT MR tfjtk^, #a i ttt4Uft*tt4HMi£ 10% 
A*. #*2t^^6§MM5U*. 6 CoFe, 
NiFe «**t*^rfc*h** 3%A^, **M*«*J*Wfci!l3Jiifctt*Hfc 

mmJL, $~&lZt£ Ru J„&Jl CoFe NiFe ^/BUfL, jfc^sfc^te 
^^Mfc*****, 5nm ft CoFe if lnm 

^ 20% ' NiFe «*tfa,T* 5%. %*h n##TmJM CoFe * 
v&tf^NiFe #>&#£N^Mr6$£^£ CoFe 15% A*, NiFe Bf 

#2%. >W.«JiT^it, ^T^^J^^^Bt^^^^^^^i, 

23 

#A 1 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /A1 2 0 3 ( Y ) 
/CoFe ( 5 ) /Ru ( 0. 9 ) /NiFe ( 5 ) /Ta ( 3 ) 
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#* 2 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /Ru ( 0. 9 ) 
/ CoFe (3) /A1 2 0 3 (Y) /CoFe (5) /Ru (0.9) /NiFe (5) /Ta (3) 
3 

: Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15) /CoFe ( 2 ) /Ru ( 0. 9 ) 

/ CoFe ( 3. 5 ) /Ru ( 0. 9 ) /CoFe ( 2 ) /A1.0, ( Y ) /CoFe ( 3 ) /Ru ( 0 9 ) 
/NiFe ( 5 ) /Ta ( 3 ) 

10k0e 6$*%f « 280t:i£*r&*t5£, «./B*« i 
AdM^#««A^ 0.2-0. 6 M m*. j?*,*!****!. 

-MFfc*. *itt#jfc*aM*But#. Jtf*ftat^ft ff ^ 

*-X****fe;£, m$L&+?ttf-#] MR. #&UU#*3^-^ 
*H, >X*i*6*i££ Jj&|f: MR tt************-* 
WA2t**4tU^**#tt. 1 2, i£4T 

*#***^*#* l tWJUm********, 
R*^4#^M^. *7#*J£**^4r MRAM^^ 

**#**6ii*fMfrft, ■*«******«*_**. 2n *** 
**** (2n-l) A«****#:**:JLftAT«**piit#, **£* 
***t «*-*Mb ( 2n + 1 ) ******** 2n A******** 

24 

CMOS ^-t#»J#:T^T^7G# 

#A 1 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /PtMn ( 15 ) /CoFe ( 3 ) /A1 2 0 3 ( Y ) 
/CoFe ( 5 ) /Ta ( 3 ) /CoFe ( 3 ) 
2 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /NiFeCr ( 4 ) /PtMn ( 15 ) /CoFe ( 3 ) 
/A1 2 0 3 ( Y ) /CoFe ( 5 ) /Ta ( 3 ) /CoFe ( 3 ) 

Al^am^y^RA** IkO^A^^. 
lOkOe 6**4* * a 260CifcJr**«, ***jfcri 



) 



0.2-0. 6nm 2 . ^^lijife^, 

A**t*****#T, i£#400€, 30 fr******^, *M£MR. 

1 t, ««l*Ait^>Xj&^||R4:30X, £ 400rtf£ i 
***«t*^Jj 12%,^ 400TC^^ 2^«:StMl'J 10%A*. 

^2t, &mwi»±% t jtti-£ 6 (j RhUL 30 o /o ^ 400 

c*** 1 *&*t«t*^*j 20%, ^4oor^^ 2 &**ks**ttJ9 

#HmStMi»Ult^ T NiFeCr 2 t, MR *«s 

*#T*##A**^**, ********** t *^ T 

25 

#A 1 

Ta(3) /Cu(50) /Ta ( 3 ) /NiFeCr ( 4 ) /PtMn ( 15 ) /CoFe ( 3 ) 

/Ru(0.9)/CoFe(3)/Al(0.4)-0/Al(0.3)-0/NiFe(5)/Ru(0 9) 
/NiFe ( 3 ) /Ta ( 3 ) 

2 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /NiFeCr ( 4 ) /PtMn (15) /CoFe ( 3 ) 
/Ru ( 0. 9 ) /CoFe ( 3 ) /Al ( 0. 4 ) -0/A1 ( 0. 35 ) -0/NiFe ( 5 ) /Ru 
(0.9) /NiFe (3) /Ta (3) 
3 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /NiFeCr ( 4 ) /PtMn ( 15 ) /CoFe ( 3 ) 
/Ru ( 0. 9 ) /CoFe ( 3 ) /Al ( 0. 4 ) -0/A1 ( 0. 3 ) -0. /NiFe ( 5 ) /Ru 
(0.9) /NiFe (6) / Ru ( 0. 9 ) /NiFe ( 5 ) /Al (0.4) -0/A1 (0 3) 
-0/CoFe(3) / Ru(0.9) /CoFe ( 3 ) /PtMn (15) /Ta ( 3 ) 
4 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /NiFeCr ( 4 ) /PtMn (15) /CoFe ( 3 ) 
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/Ru ( 0. 9 ) /CoFe ( 3 ) /Al ( 0. 4 ) -0/A1 ( 0. 3 ) -0. /NiFe ( 5 ) /Ru 
( 0. 9 ) /NiFe ( 3 ) / Cu (5) /NiFe (3)/Ru ( 0. 9 ) /CoFe ( 5 ) /Al ( 0. 4 ) 
-0/A 1 (0.3) -O./CoFe ( 3 ) / Ru (0.9) /CoFe (3) /PtMn ( 15) 
/Ta ( 3 ) 

5 #£r 5 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /NiFeCr ( 4 ) /PtMn ( 15 ) /CoFe ( 3 ) 
/Ru ( 0. 9 ) /CoFe ( 3 ) /Al ( 0. 4 ) -0/A1 ( 0. 3 ) -0. /NiFe ( 5 ) /Ru 
( 0. 9 ) /NiFe ( 3 ) / Cu (5) /NiFe (5) / Ru ( 0. 9 ) /NiFe ( 3 ) /Al ( 0. 4 ) 
-0/A 1 (0.3) -O./NiFe (3) / Ru ( 0. 9 ) /CoFe ( 3 ) /PtMn ( 15 ) 
10 /Ta ( 3 ) 

**CoFe#JB Co 7S Fe as , NiFe Ni 60 Fe, 0 . 3 >K NiFeCr 
Ni< 9 Fe 12 Cr 39 , PtMn &m Pt S0 Mn S0 . 

3 Al ( 0. 4 ) -0/A1 ( 0. 3 ) -0 fttt&te Al 0. 4nm 

**. vX lOOmTorr, 1 ^6^^^ tH4fc«J&, Al 0. 3nm 

15 ARM, « lOOmTorr, 1 t*.4fc#A«* A1 2 0 3 ( 

Al (0.4) -0/A1 (0.35) -0 fc**Jflt*«* 
A1j*JBL&« lOOmTorr 4Mb. 3 «JH.**#^|L4bBt«^ i ^ 
^ t?lT ' ^lOmTorrfJ 600mTorr A A4L« # 



20 



feit* 2 Aft^ 5k0e *m* * VX 280TC ifcff * -fit A EB * 

25 1 40%, #* 2 43%, # A 3, #A 4 **#* g 

39%, 40%, 42%£*#jMR. « 5 00mV **** £ 

*'J#& 1 # 23%, #A2^20%, Jt^*****/^*^-^' 
3-**, #A 3 , 4rtA5*35%, 36%, 35%. *RA*#*it* 
30n Mm 3, #*2*70O|«.V #* 3 . 4, 5 * 60O M ... # A 3 4 
** 5 * RA l ***** , _^<£. TlSt3frJJ 50QmV 

**XT* MR *#** # A3. 4** 5 ****** 

2 ^ # * 3 , 4« W5 iS^M 



30 
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4t*^#^J. il^^-f ^#4Hfr3&4r<*£ft A1 2 0 3 

3*f\ 4iL^-#A 5 t, i£*f S 17 2 

+ <fcft— *3r*.tt5^£lfc. g*, — af^fegfcT. 2Uf jti MR 
# Cu 2. 6nm- 50nm. £ Cu Al.TiN, 

TiWN, CuAl, CuAITi, Ag, Au, Pt ^i&t ft ft &M¥] 

26 

1 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /NiFeCr ( 4 ) /PtMn ( 15 ) /CoFe ( 3 ) 
/Ru ( 0. 9 ) /CoFe ( 3 ) /Cu ( 5 ) /CoFe ( 1 ) /NiFe ( 3 ) /Ru ( 0. 9 ) 
/NiFe ( 3) /Ta ( 3) 

^**a 2 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /NiFeCr ( 4 ) /PtMn ( 15 ) /CoFe ( 3 ) 
/Ru ( 0. 9 ) /CoFe ( 3 ) /Cu ( 10 ) /CoFe ( 1 ) /NiFe ( 3 ) /Ru ( 0. 9 ) 
/NiFe (3) /Ta ( 3) 

^■pu 3 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /NiFeCr ( 4 ) /PtMn ( 15 ) /CoFe ( 3 ) 
/Ru ( 0. 9 ) /CoFe ( 3 ) /Cu ( 5 ) /CoFe ( 1 ) /NiFe ( 3 ) /Ru ( 0. 9 ) 
/NiFe ( 6 ) /Ru ( 0. 9 ) / NiFe ( 3 ) /CoFe ( 1 ) /Cu ( 5 ) /CoFe ( 3 ) 
/Ru ( 0. 9 ) /CoFe ( 3 ) /PtMn ( 15 ) /Ta ( 3 ) 
4 

Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /NiFeCr ( 4 ) /PtMn ( 15 ) /CoFe ( 3 ) 
/Ru ( 0. 9 ) /CoFe ( 3 ) /Cu ( 5 ) /CoFe ( 1 ) /NiFe ( 3 ) /Ru ( 0. 9 ) 
/NiFe ( 3 ) /Cu (5) /NiFe (3) /Ru ( 0. 9 ) / NiFe ( 5 ) /CoFe ( 1 ) /Cu 
( 5 ) /CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe ( 3 ) /PtMn ( 15 ) /Ta ( 3 ) 
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Ta ( 3 ) /Cu ( 500 ) /Ta ( 3 ) /NiFeCr ( 4 ) /PtMn ( 15 ) /CoFe ( 3 ) 
/Ru (0.9) /CoFe ( 3 ) /Cu ( 5 ) /CoFe ( 1 ) /NiFe ( 3 ) /Ru ( 0. 9 ) 
/NiFe ( 3 ) /Cu (5) /NiFe (5) /Ru ( 0. 9 ) / NiFe ( 3 ) /CoFe ( 1 ) /Cu 
( 5 ) /CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe ( 3 ) /PtMn ( 15 ) /Ta ( 3 ) 

ilX, CoFe^i^T Co 90 Fe I0 , NiFe 7 Ni 60 Fe 40 . 3 *K NiFeCr 
T Ni 49 Fe l2 Cr 39 , PtMn it® 7 Pt 5 oMn S o. 

5k0e 6^>#%t> ^ 280 - CdEi#jtfci{tbJEf , EB 
fc&M>kfri*faJ^&4;&&&ftKftfi&& 4 % 0. 5*0.5um 2 . 

ifc 28%£;£# MR, #A 2 ^jfe 15%il;£# MR, 3, #A 4 

5 ^'J^iti 49%, 47%; 42%iL£#MR. 3, 4 5 

^^.^'J 27 

4fcfl*Ufef" Si jfe|L4fc^*LJi^J«tT «T6^7t#. 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /NiFeCr ( 4 ) /PtMn ( 15 ) /CoFe ( 3 ) 
/Ru ( 0. 9 ) /CoFe ( 3 ) /A1 2 0 3 ( Y) /NiFe ( 5 ) /Ru ( 0. 9 ) /NiFe ( 3 ) 
/Ru (0.9) /NiFe (5) /A1 2 0 3 ( Y) /CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe (3) 
/PtMn ( 20 ) /CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe ( 3 ) /A1 2 0 3 ( Y ) /NiFe ( 5 ) 
/Ru ( 0. 9 ) /NiFe ( 3 ) /Ru ( 0. 9 ) /NiFe ( 5 ) /A1 2 0 3 ( Y ) /CoFe ( 3 ) 
/Ru ( 0. 9 ) /CoFe ( 3 ) /PtMn ( 15 ) /Ta ( 3 ) 

ilX, CoFe-fcJfl 7 Co 760 Fe 24 , NiFe itft 7 Ni 6 oFe 40 . 3 *K NiFeCr 

7 Ni 4 ,Fe 12 Cr, 9 , PtMn ^ 7 Pt S0 Mn 60 . A1 2 0 3 #J&^- Y flfc A 

RA # lkO Mi^Jll. 

5k0e t # 280X:ii^f ^^Jg, EB 

^^*m^>XA.^^^^L#ic#^^A7(7 0. 5*0. 5 Mm 2 , 

^^it*^#^f:^^>A^#a!'J^:7 MR #r##>G 



41%, 500mVT^^J^^:40%, IV TtijM^A 37% , »T:*p^^*k.St-£- 

%$Lfr) 28 
1 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /NiFeCr ( 4 ) /PtMn ( 15 ) /CoFe ( 3 ) 
/Ru ( 0. 9) /CoFe ( 3 ) /A1 2 0 3 ( Y) /NiFe ( 2 ) /Ta ( 3 ) 
2 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /NiFe ( 2 ) / A1 2 0 3 ( Y ) /CoFe ( 3 ) 
/Ru ( 0. 9) /CoFe ( 3) / PtMn (15) /Ta ( 3 ) 
iio 3 

Ta ( 3) /Cu ( 50) /Ta ( a) /NiFeCr (4) /PtMn ( 15) /CoFe (3) 
/Ru ( 0. 9 ) /CoFe ( 3 ) /A1 2 0 3 ( Y ) /NiFe ( 2 ) /NiFeCr ( 4 ) /Ta ( 3 ) 
4 

Ta ( 3) /Cu ( 50) /Ta (a) /NiFeCr (4) /NiFe (2) / A1 2 0 3 ( Y) 
/CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe ( 3 ) /PtMn ( 15 ) /Ta ( 3 ) 

iti, CoFe^T Co 76 oFe 2 <, NiFe J Ni 8l Fe 19 . £ *h NiFeCr 
ft.«T (Ni 8I Fe 19 ) .oo-xCrx, PtMn T Pt 50 Mn 50 . % *h Al 2 0 3 6*/&>^ 
YM RA^lkn M nii*. 

5k0e tfi1&%j*?VX 280TCi^^f &*tS, ^ffi EB # 
^^^J^-^^^Jii^^^^^iC#^^^^ 0. 3*0.9um\ 

**ii.#>t'ffW^A^^ii»A.*%«^.T MR &^«> i 
2 fc^t 3*6* MR, ifc****-F**Ufctt NiFe 

«**4tfe4*JMt. 2 3 f=T^#J!) 30% A 

MR. Tfl*T^(Ni. 1 Fe„) ....xCrxTftX Jt^t^J**., ^J»J 

fc^^MR6^X# 50*TtfBt^. *-X* 10«T»J-*U* 

^60*t^L^^, il^L^^I^^- NiFeCr ^Jx.&%j)% fan . 

^i£^Ttf NiFCr &ite*>mK.jtK#, 0. 2T. ^ ^ X ^ 25 

Cr £ Mo, I t AftM. 3 *f\ 

***«tfi#«MM, **Tm NL.Fe,. ft* 
£Ni 60 Fe< 0 t, **^(Ni 6 oFe 40 ) ,oo-x(Cr, Mo, W) „ Co 75 Fe 2S 

( Co 75 Fe 2S ) ,oo-, ( Cr, Mo, W ) x t A # A^^^H'yg, ntT 



£*M»J 29 

^•TO 1 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /CoFe ( 1. 25 ) /Ru ( 0. 8 ) /CoFe (2.25) 
/A1 2 0 3 ( Y ) /CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe ( 3 ) /PtMn ( 20 ) /Ta ( 3 ) 
^ ^ 2 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /CoFe ( 1. 5 ) /Ru ( 0. 8 ) /CoFe (2.5) 
/A1 2 0 3 (Y) /CoFe (3) /Ru (0.9) /CoFe (3) /PtMn (20) /Ta ( 3 ) 
**** 3 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /CoFe ( 2 ) /Ru ( 0. 8 ) /CoFe ( 3 ) 
/A1 2 0 3 (Y) /CoFe (3) /Ru (0.9) /CoFe (3) /PtMn (20) /Ta ( 3 ) 
4 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /CoFe ( 2 ) /Ru ( 0. 8 ) /CoFe ( 4 ) 
/Ru (0.8) /CoFe (3) /A1 2 0 3 (Y) /CoFe (3) /Ru (0.9) /CoFe (3) 
/PtMn (20) /Ta ( 3) 

5 

Ta ( 3 ) /Cu ( 50 ) /Ta ( 3 ) /CoFe ( 3 ) /Ru ( 0. 8 ) /CoFe ( 5 ) 
/Ru ( 0. 8) /CoFe ( 3 ) /A1 2 0 3 ( Y) /CoFe ( 3 ) /Ru ( 0. 9 ) /CoFe ( 3 ) 
/PtMn ( 20 ) /Ta ( 3 ) 

it-E CoFe T Co 7S Fe 25 . 

Al 2 0 3 tf/PUf- Y$t&RA&;# 100O M m^^^^^. 
£M:f&& 5k0e ft*«U»t)2t 280t!ifc4f**ta, itm EB*>£*9£-ttfe 

O.lxo.2 Mm 2 . «AJt«ifc^JftJ& f 

MR ***Ut****ifc*r* 

4fc£#, £*f*t^t> «.>c#aJt-tfh^2oot:ia-aL3ooTC. ai 24 

**, ^ 350X:T, 5W&it4^, ^tiA 



^#_tT*», J* *i#^Jf. 

4nm«_L. 3 *h £j£r f f J CoFe, ftjL&m 7 

NiFe ****tJ.^tt* 7nm jXJl, ^£#.#7 Fe,0 4 BtJ.^«* 
lOnm m-t. 

W % ft Ttft f, -k*%LVA lmV £&&)7tfti% jLat-ff #4 

M#* 1**40%, #&2**43%, 3, #*4l*JMfi& 

5^*]** 39%, 40%, 42%£;*fl MR. £ *h, 500«V 
*.*MftJLIfc*f»i£., J3»J#A1^23%, #,£2 #20%, fiL&tf,M_4jL& 
&.JL+*-m-*. 3 , 4*^5^35%, 36%, 35 

%. ^ RA^#<To 1 t^. 30O Mm 2 , 2 ^ 70Q Mm 2 , #J£, 3, 4, 5 

* 60O urn 2 . ## 3, 4 kX^5 6$ RA Jf#,& 1 ;fc>t^** f,-feft$L. 
titft, & 500mV tfitj-fe MR -fcT«J^^J^^6^et-i-. ii^-^># 
#& 3, 4 «2i 5 i§ 2 *NU£4JM&* Jfci£##£L*L i£^£7# 
& 3, 4 5 ^**h^^#*t#'&#^, *JR#* 5, #A 4, 

#^ 3 tiJff**Nfc&ft<|&#*). Al 2 o 3 

#4fc*#, 4**H. ^L#^4 Xt^^h^^J^ 

*T TS 17 0r*tfj.-f 2 ^jjg- 
^ A MR 6$^ Cu 6^>§->!l# 50nm vZT&jtftVL. 

_t. &*.£4fcf£4ft«#.At&JQT CoFe, 7 NiFe 

J), ft MR fc&mfr 
**** MRAM *«MMt***5A**, 

#J#tMRAM6$ CM0S^,*^*^#4t^*:*t^aA.^*t*. J|- 
HDD, DDS tttf^JfcfMSi&Sfcjfc^, 



#L&, $tft, fc- MRAM tf^J^ttifr MRAM ibi&ijj&KTr fa 
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